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ABSTRACT 
 Coarse-Graded Hot Mix asphalt has been utilized as the standard mix for asphalt 
projects across transportation agencies. Primarily, this was due to the idea that that a 
coarser gradation could be more rut resistant than a fine-graded mix. Fine-graded mixes 
were determined to be tender mixes due to the inclusion of natural sand as the main fine 
aggregate. However, manufactured sand, which has a higher angularity than natural sand, 
is the main fine aggregate utilized in hot mix asphalt at this time. Manufactured sand, 
which is produced from crushed aggregate, is more rut resistant than natural sand. 
 Laboratory experiments have taken place over the past decade between the 
comparison of coarse graded hot mix asphalt and fine graded hot mix asphalt. Rutting, 
permeability, fracture energy, segregation and tensile strength were among the properties 
tested in order to compare CG HMA and FG HMA. Accelerated pavement testing also 
took place in order to compare both FG HMA and CG HMA. In all performance tests, FG 
HMA performed either equal or better than CG HMA. 
 Among the concerns that transportation agencies have stated about CG HMA are 
its propensity to segregate, its difficulty to compact and achieve consistent high density, 
high permeability and below-standard pavement long term performance. The IDOT Pay-
for-Performance QC/QA standard evaluates the asphalt mixes depending on its ability to 
achieve consistent volumetric characteristics. The lower the standard deviation for 
density tests, air voids content and VMA is, the better performing the mix is and the 
higher are the contractor’s chances to obtain a bonus. If the FG HMA mix is more 
consistent than CG HMA, then it could become the standard mix per standard 
specifications. This thesis investigated two case studies where IDOT PFP was employed 
as the QC/QA standard and where FG HMA was put in place and evaluated per IDOT 
PFP. 
 This mix that was evaluated with IDOT PFP was the IL-19.0 mm FG, which is 
the fine-graded variation of the traditional IL-19.0 mm. The projects that served as case 
studies for this thesis were located on I-57 on Champaign, IL and on I-39 at Bloomington, 
IL. The analysis concluded that the IL-19.0 mm performed above standard per IDOT PFP 
on the project at I-57 and on the project at I-39. Different binder types were utilized on 
the mixes put in place on both projects but the was no significant difference between the 
pay factors of FG HMA mix with unmodified binder and FG HMA mix with polymerized 
binder. The long term pavement performance of FG HMA on Illinois’ roadways is to be 
determined. 
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CHAPTER 1 
INTRODUCTION 1.1	  Introduction	  of	  Fine	  Graded	  Asphalt	  Long-­‐term	  pavement	  performance	  and	  durability	  is	  one	  of	  the	  main	  priorities	  of	  many	  state	  transportation	  agencies.	  The	  deteriorating	  state	  of	  many	  of	  the	  asphalt	  roads	  at	  the	  local,	  county	  and	  state	  level	  has	  led	  some	  of	  the	  agencies	  in	  charge	  of	  the	  maintenance	  and	  rehabilitation	  of	  these	  roads	  to	  re-­‐consider	  their	  standard	  specifications	  for	  hot-­‐mix	  asphalt	  (HMA).	  	  Given	  that	  the	  financial	  resources	  required	  to	  maintain	  asphalt	  roads	  continue	  to	  be	  in	  short	  supply,	  transportation	  agencies	  have	  had	  to	  consider	  stricter	  standards	  for	  QC/QA	  while	  trying	  to	  find	  an	  HMA	  mix	  that	  can	  be	  more	  consistently	  produced	  according	  to	  target	  levels	  and	  less	  permeable.	  Fine-­‐graded	  asphalt	  has	  received	  attention	  in	  Illinois	  over	  the	  past	  5	  years	  as	  a	  potential	  HMA	  mixture	  that	  might	  satisfy	  those	  requirements.	  1.2	  Purpose	  of	  Thesis	  The	  purpose	  of	  this	  thesis	  is	  to	  investigate	  whether	  fine-­‐graded	  asphalt	  can,	  in	  a	  holistic	  sense,	  perform	  as	  good	  or	  better	  than	  traditional	  coarse	  graded	  hot	  mix	  asphalt.	  Coarse	  graded	  asphalt	  has	  performed	  well	  in	  a	  laboratory	  setting	  but	  the	  performance	  of	  CG	  HMA	  in	  field	  tests	  has	  been	  less	  favorable.	  Segregation,	  raveling,	  difficulty	  to	  achieve	  required	  density,	  difficulty	  to	  achieve	  uniform	  volumetric	  characteristics	  and	  high	  permeability	  are	  among	  the	  deficiencies	  that	  coarse	  graded	  HMA	  have	  been	  reported	  by	  agency	  officials	  and	  practitioners	  in	  Illinois.	  When	  the	  SUPERPAVE	  standards	  were	  created,	  CG	  HMA	  was	  seen	  as	  more	  stable	  than	  FG	  HMA	  due	  the	  use	  of	  natural	  sand	  in	  FG	  HMA	  mixes.	  Nowadays,	  manufactured	  sand,	  which	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is	  more	  stable,	  is	  used	  in	  FG	  HMA	  gradations.	  Some	  states	  have	  already	  incorporated	  manufactured	  sand	  into	  the	  mixes	  that	  require	  a	  higher	  compaction.	  	  Some	  transportation	  agencies	  have	  used	  HMA	  standards	  that	  plot	  above	  the	  0.45	  power	  line.	  These	  state	  transportation	  agencies	  have	  reported	  that	  the	  FG	  HMA	  has	  performed	  well	  in	  their	  laboratory	  tests,	  accelerated	  pavement	  testing	  results	  and	  in	  field	  tests.	  As	  shown	  in	  Figure	  1,	  the	  gradation	  of	  three	  fine	  graded	  mixes	  and	  a	  coarse	  graded	  mix	  recently	  investigated	  by	  the	  Illinois	  Center	  for	  Transportation	  can	  be	  seen	  when	  plotted	  on	  the	  0.45	  power	  chart.	  	  
	  Figure	  1.1	  Three	  fine	  graded	  gradations	  vs	  one	  coarse	  graded	  gradation	  
(From	  Reference	  1)	  There	  is	  a	  clear	  visual	  difference	  in	  the	  macrotexture	  of	  the	  fine	  graded	  mixtures	  and	  of	  the	  coarse	  graded	  mixtures.	  Fine	  graded	  mixtures	  tend	  to	  be	  more	  homogenous	  in	  terms	  of	  their	  macrotexture	  as	  compared	  to	  coarse	  graded	  mixes,	  due	  to	  the	  higher	  concentration	  of	  coarse	  aggregates	  present.	  	  Figures	  	  1.2	  and	  1.3	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allow	  a	  comparison	  	  a	  core	  of	  fine	  graded	  asphalt	  with	  a	  laboratory	  specimen	  comprised	  of	  coarse	  graded	  asphalt.	  	  
	  Figure	  1.2	  –	  Comparison	  of	  macrotexture	  of	  Fine	  Graded	  HMA	  and	  Coarse	  Graded	  HMA	  It	  is	  worth	  noting	  that	  both	  the	  fine	  graded	  field	  core	  and	  the	  coarse	  graded	  laboratory	  specimen	  have	  a	  nominal	  maximum	  aggregate	  size	  (NMAS)	  of	  19.0	  mm.	  	  	  
	  Figure	  1.3	  –	  Macrotexture	  of	  IL-­‐19.0	  mm	  Coarse	  Graded	  Figure	  1.3	  shows	  a	  reasonable	  amount	  of	  coarse	  aggregates	  in	  the	  laboratory	  specimen	  of	  IL	  19.0	  mm	  CG.	  Also,	  there	  is	  some	  aggregate	  segregation	  in	  this	  specimen.	  The	  coarse	  aggregates	  seem	  to	  be	  segregated	  to	  one	  area	  of	  the	  specimen.	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This	  has	  been	  a	  cause	  for	  concern	  for	  many	  materials	  engineers	  as	  aggregate	  segregation	  leads	  to	  a	  poor	  long-­‐term	  pavement	  performance.	  	  Figure	  1.3	  shows	  the	  fine	  graded	  core’s	  macrotexture.	  There	  is	  no	  segregation	  in	  this	  core.	  This	  core	  was	  obtained	  on	  a	  project	  that	  was	  constructed	  on	  2013	  on	  Interstate	  39,	  just	  north	  of	  Bloomington,	  IL.	  The	  NMAS	  of	  this	  mix	  is	  19.0	  mm	  and	  it	  was	  placed	  as	  a	  binder	  course.	  	  
	  Figure	  1.4	  –	  Macrotexture	  of	  IL-­‐19.0	  mm	  Fine	  Graded	  While	  it	  is	  clear	  from	  these	  pictures	  that	  the	  fine	  graded	  mix	  can	  be	  less	  susceptible	  to	  segregation,	  there	  is	  more	  information	  required	  in	  order	  to	  confirm	  that	  the	  fine	  graded	  mix	  can	  be	  more	  homogenous	  than	  the	  coarse	  graded	  mix.	  Also,	  fine	  graded	  mixes	  should	  be	  tested	  for	  performance	  in	  the	  lab	  and	  on	  the	  field	  in	  order	  to	  measure	  their	  performance	  characteristics	  relative	  to	  traditional	  coarse	  graded	  mixes.	  It	  is	  the	  intent	  of	  this	  thesis	  to	  provide	  data	  that	  might	  help	  answer	  some	  of	  these	  questions.	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1.3	  Overview	  of	  Thesis	  This	  thesis	  is	  meant	  to	  build	  upon	  the	  results	  that	  have	  taken	  place	  in	  a	  laboratory	  environment	  to	  investigate	  the	  feasibility	  of	  FG	  mixes	  in	  Illinois.	  The	  QC/QA	  data	  that	  will	  be	  presented	  in	  this	  thesis	  will	  be	  a	  crucial	  element	  that	  will	  determine	  if	  fine	  graded	  Hot-­‐mix	  asphalt	  is	  able	  to	  be	  more	  consistent	  and	  easier	  to	  construct	  than	  its	  coarse	  graded	  counterpart.	  	  The	  data	  was	  evaluated	  using	  the	  Illinois	  Department	  of	  Transportation	  Pay	  for	  Performance	  (PFP)	  criteria.	  PFP	  has	  become	  a	  common	  practice	  in	  many	  state	  transportation	  agencies,	  and	  rewards	  contractors	  for	  on	  target	  and	  consistent	  production	  of	  HMA.	  FG	  HMA	  has	  garnered	  interest	  from	  the	  industry	  due	  to	  the	  possibility	  of	  good	  performance/easier	  compliance/higher	  pay	  factors	  when	  evaluated	  using	  PFP.	  This	  thesis	  will	  explore	  the	  results	  of	  FG	  HMA	  when	  using	  PFP.	  The	  FG	  HMA	  that	  was	  evaluated	  was	  placed	  as	  a	  binder	  course	  on	  sections	  of	  Interstates.	  	  1.4	  Need	  for	  Investigation	  The	  Illinois	  Department	  of	  Transportation	  (IDOT)	  has	  considered	  modifying	  their	  standards	  specification	  for	  HMA	  from	  a	  coarse	  gradation	  to	  a	  fine	  graded	  gradation.	  IDOT	  is	  evaluating	  on	  whether	  to	  increase	  the	  percent	  passing	  on	  the	  sieve	  No.	  4,	  No.	  8	  and	  No.	  16	  from	  their	  current	  values.	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  Figure	  1.5	  Standard	  Specification	  for	  HMA	  per	  IDOT	  (From	  Reference	  9)	  A	  new	  provisional	  specification	  developed	  by	  the	  Illinois	  Department	  of	  Transportation,	  Bureau	  of	  Materials	  and	  Physical	  Research	  (IDOT	  BMPR)	  provides	  a	  fine	  graded	  alternative	  to	  mixes,	  which	  is	  currently	  included	  in	  the	  IDOT	  Standards	  Specifications	  for	  Road	  and	  Bridge	  Construction.	  	  Below	  is	  the	  IL-­‐19.0	  mm	  FG	  specification	  per	  IDOT	  BMPR.	  Notice	  the	  percent	  passing	  of	  sieves	  No.	  4,	  No.	  8	  and	  No.	  16	  on	  Figure	  1.2	  as	  compared	  with	  the	  specification	  shown	  in	  Figure	  1.3.	  The	  percent	  passing	  for	  each	  of	  those	  sieves	  is	  higher	  for	  the	  IL	  19.0	  mm	  FG	  when	  compared	  to	  the	  traditional	  IL	  19.0	  mm.	  There	  is	  also	  a	  IL-­‐9.5	  mm	  FG	  specification	  that	  was	  created	  by	  IDOT	  but	  this	  thesis	  will	  explore	  the	  performance	  of	  the	  IL	  19.0	  mm	  FG	  as	  a	  binder	  course.	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  Figure	  1.6	  IDOT	  BMPR	  Specification	  for	  IL	  19.0	  mm	  FG	  (From	  Reference	  7)	  These	  fine-­‐graded	  specifications	  have	  been	  in	  use	  in	  several	  projects	  within	  IDOT,	  mainly	  on	  District	  5	  (East	  Central	  Illinois),	  District	  6	  (West	  Central	  Illinois),	  and	  District	  7	  	  (just	  south	  of	  District	  5).	  Below	  is	  a	  map	  of	  the	  regions	  of	  the	  Illinois	  Department	  of	  Transportation.	  	  
	  	   Figure	  1.7	  Districts	  of	  the	  Illinois	  Department	  of	  Transportation	  	  (From	  IDOT	  
Website)	  
7
	   The	  projects	  that	  will	  be	  evaluated	  by	  this	  thesis	  are	  located	  on	  the	  District	  5	  of	  the	  Illinois	  Department	  of	  Transportation.	  This	  district	  has	  collaborated	  on	  the	  implementation	  of	  the	  FG	  HMA	  mixes	  and	  some	  of	  the	  projects	  in	  this	  district	  that	  are	  of	  higher	  traffic	  volume.	  So	  far,	  this	  district	  has	  reported	  positive	  results	  based	  on	  the	  assessment	  of	  the	  performance	  of	  the	  FG	  HMA	  mix.	  	  1.5	  Method	  of	  Investigation	  	   There	  will	  be	  two	  case	  studies	  that	  will	  be	  explored	  on	  this	  thesis.	  Both	  of	  these	  case	  studies	  are	  projects	  that	  were	  located	  on	  sections	  of	  Interstates	  in	  IDOT	  District	  5.	  The	  first	  project	  that	  will	  be	  explored	  is	  located	  on	  Interstate	  57	  in	  Champaign,	  IL.	  This	  project	  utilized	  a	  base	  binder	  layer	  of	  IL	  19.0	  mm	  FG	  HMA	  with	  unmodified	  binder	  and	  a	  binder	  layer	  of	  polymerized	  IL	  19.0	  mm	  FG	  HMA	  on	  top	  of	  this	  layer.	  The	  base	  layer	  for	  these	  two	  FG	  HMA	  layers	  is	  rubblized	  PCC	  pavement.	  The	  overall	  thickness	  of	  the	  HMA	  layer,	  including	  the	  surface	  course,	  is	  11.25	  in.	  The	  second	  project	  that	  will	  be	  explored	  is	  located	  on	  Interstate	  39,	  just	  north	  of	  Bloomington,	  IL.	  This	  project	  also	  utilized	  a	  base	  binder	  layer	  of	  IL	  19.0	  mm	  FG	  with	  unmodified	  binder	  and	  a	  binder	  course	  of	  polymerized	  IL	  19.0	  mm	  FG.	  The	  base	  layer	  for	  the	  HMA	  in	  this	  project	  was	  rubbilzed	  PCC	  pavement.	  It	  is	  worth	  noting	  that	  this	  PCC	  pavement	  was	  damaged	  with	  ASR	  damage.	  The	  overall	  thickness	  of	  the	  HMA	  layer	  over	  the	  rubblized	  PCC	  pavement	  is	  8	  in.	  	  	   Both	  projects	  will	  be	  evaluated	  per	  the	  QC/QA	  data	  that	  was	  provided	  by	  the	  Bureau	  of	  Materials	  of	  IDOT	  District	  5.	  Each	  project	  was	  evaluated	  using	  the	  IDOT	  Pay	  for	  Performance	  criteria.	  This	  criteria	  rewards	  or	  penalizes	  contractors	  based	  on	  the	  consistency	  of	  the	  QC/QA	  data.	  This	  thesis	  will	  evaluate	  if	  FG	  HMA	  is	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consistent	  enough	  on	  the	  field	  to	  provide	  good	  PFP	  performance.	  Also,	  a	  statistical	  analysis	  will	  be	  conducted	  for	  the	  results	  of	  polymerized	  FG	  HMA	  mixes	  and	  normal	  FG	  HMA	  mixes.	  This	  statistical	  analysis	  will	  determine	  if	  there	  is	  any	  significant	  difference	  between	  the	  QC/QA	  values	  of	  both	  mixes.	  	  1.6	  Organization	  	   This	  thesis	  is	  divided	  on	  the	  following	  chapters.	  Each	  chapter	  contains	  information	  that	  will	  explore	  the	  performance	  of	  FG	  HMA	  in	  a	  laboratory	  experiment	  and	  in	  field	  tests	  per	  IDOT	  procedures.	  They	  are:	  
• Chapter	  1	  –	  Introduction	  to	  the	  thesis	  
• Chapter	  2	  –	  Literature	  review	  of	  existing	  knowledge	  of	  FG	  HMA	  along	  with	  related	  topics	  that	  might	  point	  to	  the	  need	  for	  a	  more	  continuous	  gradation	  of	  HMA.	  	  
• Chapter	  3	  –	  IDOT	  Pay	  for	  Performance	  will	  be	  explained,	  including	  the	  projects	  where	  this	  specification	  is	  utilized	  per	  the	  IDOT	  specification.	  	  
• Chapter	  4	  –	  Overview	  of	  case	  studies	  of	  usage	  of	  FG	  HMA	  in	  IDOT	  District	  5.	  Brief	  overview	  of	  the	  construction	  history	  of	  each	  section	  will	  be	  provided.	  	  
• Chapter	  5	  –	  Evaluation	  of	  QC/QA	  data	  of	  the	  Fine	  Graded	  Hot-­‐Mix	  Asphalt	  on	  the	  project	  on	  I-­‐57	  and	  on	  I-­‐39	  
• Chapter	  6	  –	  Statistical	  analysis	  of	  the	  results	  	  
• Chapter	  7	  –	  Summary,	  Conclusions,	  and	  Recommendations	  for	  future	  research.	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CHAPTER 2 
LITERATURE REVIEW 2.1	  	  Literature	  Review	  The	  purpose	  of	  this	  literature	  review	  is	  to	  highlight	  existing	  knowledge	  of	  the	  performance	  of	  fine	  graded	  asphalt	  mixes.	  Previous	  studies	  have	  explored	  the	  performance	  of	  fine	  graded	  asphalt	  in	  a	  laboratory	  setting	  and	  in	  an	  accelerated	  pavement	  testing	  facility.	  There	  has	  also	  been	  some	  research	  that	  emphasizes	  the	  importance	  of	  aggregate	  interlock	  when	  developing	  an	  asphalt	  mix.	  	  Transportation	  agencies	  have	  used	  fine	  graded	  hot	  mix	  asphalt	  in	  their	  projects	  have	  reported	  good	  performance	  in	  the	  field.	  One	  transportation	  agency	  that	  has	  utilized	  fine	  graded	  asphalt	  as	  the	  core	  of	  its	  asphalt	  specification	  is	  the	  Federal	  Aviation	  Administration.	  This	  specification	  will	  be	  discussed	  later	  in	  this	  chapter.	  	  2.2	  Buttlar,	  Al-­‐Qadi,	  chiangmai,	  Murphy	  and	  Pine	  (Findings	  of	  ICT-­‐R27-­‐79)	  Three	  fine	  graded	  hot	  mix	  asphalt	  gradations	  were	  developed	  and	  evaluated	  with	  the	  Bailey	  Method.	  All	  three	  fine	  graded	  mixes	  were	  compared	  with	  the	  control	  set,	  a	  coarse	  graded	  mix	  commonly	  used	  by	  IDOT	  District	  5.	  The	  volumetric	  characteristics	  for	  each	  of	  the	  specimens,	  including	  the	  control	  mix,	  were	  the	  same;	  the	  only	  difference	  was	  the	  gradation	  of	  the	  specimens.	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  Figure	  2.1	  –	  Volumetric	  characteristics	  (From	  Reference	  1)	  
	  Figure	  2.2	  –	  Gradation	  of	  mixes	  utilized	  on	  the	  experiment	  (From	  Reference	  1)	  For	  moisture	  susceptibility,	  TSR	  testing	  was	  conducted.	  While	  the	  fine	  graded	  mixes	  yielded	  higher	  tensile	  strengths	  in	  both	  wet	  and	  dry	  conditions,	  the	  coarse	  graded	  mix	  yielded	  the	  higher	  TSR.	  However,	  it	  is	  worth	  noting	  that	  all	  mixtures	  satisfied	  the	  minimum	  acceptable	  value	  of	  a	  TSR	  of	  85.	  	  See	  figure	  3.	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  Figure	  2.3	  –	  Tensile	  Strength	  Ratio	  test	  results	  (From	  Reference	  1)	  For	  rutting	  performance,	  a	  Hamburg	  Wheel	  Tracking	  Device	  was	  utilized	  to	  measure	  rutting	  and	  stripping	  susceptibility	  in	  accordance	  with	  the	  TxDOT	  designation	  of	  Tex-­‐242-­‐F.	  The	  more	  coarse	  fine	  graded	  mix,	  mix	  FG-­‐01,	  provided	  this	  lowest	  average	  rut	  depth	  and	  the	  medium	  fine	  graded	  mix	  provided	  the	  highest	  rut	  depth.	  	  This	  test	  is	  evaluated	  at	  10,000	  passes.	  At	  10,000	  passes,	  all	  mixtures	  yielded	  a	  rut	  depth	  of	  less	  than	  12.5	  mm.	  With	  this	  said,	  all	  mixtures	  passed	  this	  test.	  	  
	  	   Figure	  2.4	  –	  Hamburg	  Test	  Results	  (From	  Reference	  1)	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  Figure	  2.5	  –	  Hamburg	  Test	  Results	  at	  10,000	  passes	  (From	  Reference	  1)	  A	  fracture	  energy	  test,	  the	  DC(T)	  test	  ,	  was	  conducted	  on	  all	  three	  fine	  graded	  mixtures	  and	  the	  coarse	  mix.	  This	  test	  is	  meant	  to	  show	  the	  susceptibility	  of	  a	  mixture	  to	  low	  temperature	  cracking.	  All	  fine	  graded	  mixtures	  had	  a	  higher	  fracture	  energy	  than	  the	  coarse	  graded	  mix,	  which	  means	  that	  the	  fine	  graded	  mixes	  outperformed	  the	  coarse	  graded	  mixtures	  on	  this	  test.	  	  
	  Figure	  2.6	  –	  DC(T)	  Test	  Results	  (From	  Reference	  1)	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2.3	  Al-­‐Qadi,	  Louzili,	  etc.	  This	  experiment	  consisted	  on	  two	  test	  sections	  that	  were	  constructed	  on	  the	  Virginia	  Smart	  Road.	  One	  mixture	  was	  a	  conventional	  HMA	  structure	  and	  the	  other	  pavement	  structure	  added	  a	  fine	  graded	  layer	  at	  the	  bottom	  of	  the	  HMA	  base	  layer.	  The	  section	  with	  the	  fine	  graded	  HMA	  at	  the	  base	  layer	  produced	  lower	  strains	  when	  compared	  to	  the	  conventional	  HMA	  structure.	  The	  strain	  of	  each	  section	  was	  also	  measured	  at	  different	  temperatures.	  With	  this	  approach,	  the	  section	  with	  the	  fine-­‐graded	  asphalt	  layer	  at	  the	  base	  layer	  also	  produced	  lower	  strains	  when	  compared	  to	  the	  conventional	  pavement	  structure.	  	  	  The	  conventional	  pavement	  structure	  and	  the	  pavement	  structure	  with	  the	  fine	  graded	  HMA	  base	  layer	  were	  evaluated	  with	  regards	  repetitions	  to	  failure.	  Both	  the	  Asphalt	  Institute	  fatigue	  equations	  and	  the	  Shell	  fatigue	  equations	  were	  utilized.	  In	  both	  cases,	  the	  pavement	  structure	  with	  the	  fine	  graded	  HMA	  layer	  had	  a	  higher	  number	  of	  allowable	  repetition	  to	  failure	  when	  compared	  to	  the	  conventional	  pavement	  structure.	  	  2.4	  Choubane,	  Gokhale,	  Sholar	  and	  Moseley	  (FDOT	  Experiment)	  FDOT	  had	  difficulty	  obtaining	  target	  density	  with	  the	  coarse	  graded	  mixes	  and	  FDOT	  also	  had	  difficulty	  on	  controlling	  the	  volumetric	  properties	  of	  the	  coarse	  graded	  mix.	  FDOT	  concluded	  that	  target	  density	  and	  the	  control	  of	  volumetric	  properties	  was	  easier	  to	  reach	  using	  fine	  graded	  mixtures.	  FDOT	  conducted	  an	  Accelerated	  Pavement	  Testing	  of	  the	  coarse	  graded	  and	  fine	  graded	  mixtures.	  In	  this	  test,	  the	  only	  variable	  between	  the	  mixtures	  was	  the	  aggregate	  gradation.	  Three	  pavement	  structures	  were	  evaluated	  per	  aggregate	  gradation:	  two	  layers	  of	  asphalt	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mixture	  with	  virgin	  PG	  67-­‐22	  binder	  (fully	  unmodified),	  one	  layer	  of	  polymer	  modified	  mixture	  over	  one	  layer	  of	  unmodified	  PG	  67-­‐22	  mixture	  (hybrid)	  and	  two	  layers	  of	  asphalt	  mixture	  with	  polymer	  modified	  binder	  (fully	  modified).	  	  A	  Heavy	  Vehicle	  Simulator	  (HVS)	  was	  utilized	  on	  the	  experiment	  in	  order	  to	  apply	  the	  wheel	  loads	  on	  the	  test	  sections.	  Unmodified	  fine	  graded	  mixtures,	  polymerized	  mixtures	  and	  typical	  coarse	  graded	  mixtures	  were	  tested	  on	  the	  APT.	  The	  fine	  graded	  mixtures	  performed	  better	  than	  the	  coarse	  graded	  mixtures	  when	  it	  came	  to	  rutting	  performance.	  The	  mixtures	  were	  also	  tested	  on	  the	  laboratory,	  where	  the	  rut	  depth	  in	  both	  the	  fine	  graded	  mixture	  and	  the	  coarse	  graded	  mix	  was	  almost	  identical.	  	  In	  the	  end,	  this	  study	  concluded	  that	  fine	  graded	  mixes	  could	  perform	  as	  good	  as	  coarse	  graded	  mixtures.	  	  FDOT	  also	  conducted	  experiments	  at	  the	  National	  Center	  for	  Asphalt	  Technology,	  where	  they	  did	  purchase	  two	  test	  sections.	  In	  this	  experiment,	  the	  rut	  depth	  of	  the	  fine	  graded	  mixtures	  was	  less	  than	  the	  coarse	  graded	  mix.	  	  2.5	  Bailey	  Method	  for	  Gradation	  selection	  	  This	  method,	  created	  by	  Robert	  Bailey,	  is	  meant	  to	  consider	  aggregate	  interlock	  and	  how	  do	  the	  properties	  of	  the	  aggregate	  affect	  the	  interlock	  of	  the	  aggregates.	  Instead	  of	  using	  sieve	  No.	  4	  as	  the	  separator	  between	  the	  fine	  graded	  and	  coarse	  graded	  aggregates,	  this	  method	  proposed	  that	  the	  separator	  between	  fine	  graded	  and	  coarse	  graded	  particles	  should	  vary	  depending	  on	  the	  nominal	  maximum	  particle	  size	  (NMPS).	  	  The	  primary	  control	  sieve	  (PCS)	  is	  0.22	  times	  the	  NMPS.	  	  The	  PCS	  is	  then	  multiplied	  by	  the	  0.22	  factor	  in	  order	  to	  obtain	  the	  secondary	  control	  sieve	  (SCS).	  	  The	  same	  0.22	  factor	  is	  also	  applied	  to	  the	  SCS	  in	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order	  to	  obtain	  the	  tertiary	  control	  sieve	  (TCS).	  Figure	  14	  demonstrates	  how	  the	  gradation	  is	  divided	  into	  PCS,	  SCS,	  and	  TCS.	  	  	  	  	  	  	   Figure	  2.7	  –Divisions	  in	  a	  continuous	  gradation	  There	  are	  three	  ratios	  that	  are	  utilized	  in	  order	  to	  evaluate	  packing	  in	  each	  of	  the	  three	  portions	  of	  the	  combined	  aggregate	  gradation.	  	  The	  ratios	  are	  defined	  as	  the	  Coarse	  Aggregate	  Ratio	  (CA	  Ratio),	  Fine	  Aggregate	  Coarse	  Ratio	  (FAc	  Ratio)	  and	  the	  Fine	  Aggregate	  Fine	  Ratio	  (FAf	  Ratio).	  Figure	  15	  shows	  the	  equations	  for	  each	  ratio.	  	  
𝐶𝐴  𝑅𝑎𝑡𝑖𝑜   =    (%  𝑃𝑎𝑠𝑠𝑖𝑛𝑔  𝐻𝑎𝑙𝑓  𝑆𝑖𝑒𝑣𝑒 −%  𝑃𝑎𝑠𝑠𝑖𝑛𝑔  𝑃𝐶𝑆)(100% −%  𝑃𝑎𝑠𝑠𝑖𝑛𝑔  𝐻𝑎𝑙𝑓  𝑆𝑖𝑒𝑣𝑒) 	  
𝐹𝐴  𝑅𝑎𝑡𝑖𝑜   𝐹𝑖𝑛𝑒 =   %  𝑃𝑎𝑠𝑠𝑖𝑛𝑔  𝑇𝐶𝑆%  𝑃𝑎𝑠𝑠𝑖𝑛𝑔  𝑆𝐶𝑆	  
𝐹𝐴  𝑅𝑎𝑡𝑖𝑜   𝐶𝑜𝑎𝑟𝑠𝑒 =   %  𝑃𝑎𝑠𝑠𝑖𝑛𝑔  𝑆𝐶𝑆%  𝑃𝑎𝑠𝑠𝑖𝑛𝑔  𝑃𝐶𝑆	  Figure	  2.8	  –	  Aggregate	  ratios	  Figure	  2.9	  shows	  the	  recommended	  ranges	  for	  the	  aggregate	  ratios.	  A	  CA	  ratio	  of	  below	  0.80	  is	  more	  prone	  to	  segregation.	  Also,	  it	  is	  worth	  noting	  that	  gap	  graded	  mixtures	  also	  tend	  to	  have	  CA	  ratios	  of	  below	  0.80.	  Gap	  graded	  mixtures	  are	  more	  prone	  to	  segregation	  than	  mixtures	  that	  contain	  a	  more	  continuous	  gradation.	  As	  the	  CA	  ratio	  increases	  towards	  1.0,	  the	  amount	  of	  VMA	  will	  increase.	  For	  the	  FAc	  
PCS	  
SCS	  
Coarse	  Aggregate	  
Coarse	  portion	  of	  Fine	  Aggregate	  Fine	  Portion	  of	  Fine	  Aggregate	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ratio,	  it	  is	  desired	  to	  have	  the	  ratio	  below	  0.50.	  A	  ratio	  above	  0.50	  will	  signify	  a	  “tender”	  mix	  since	  there	  is	  an	  excessive	  amount	  of	  natural	  sand	  in	  the	  mix.	  A	  decrease	  in	  this	  ratio	  will	  signify	  an	  increase	  in	  VMA.	  The	  FA	  f	  is	  similar	  in	  criteria	  to	  the	  FA	  c	  ratio.	  A	  decrease	  in	  this	  ratio	  will	  also	  signify	  an	  increase	  in	  VMA	  in	  the	  mixture.	  	   Table	  2.1	  –	  Recommended	  Ranges	  for	  Aggregate	  Ratios	  
	  2.6	   P-­‐401	  FAA	  asphalt	  specification	  The	  Federal	  Aviation	  Administration	  has	  used	  a	  specification	  for	  asphalt	  pavements	  that	  requires	  substantial	  in-­‐place	  density,	  slightly	  more	  liquid	  asphalt	  when	  compared	  to	  roadways,	  and	  is	  able	  to	  carry	  millions	  of	  pounds	  of	  loading	  with	  high	  tire	  pressures.	  As	  noted	  by	  visual	  inspection,	  airfield	  pavements	  typically	  do	  not	  rut,	  delaminate,	  crack	  or	  ravel	  when	  properly	  designed,	  produced	  and	  constructed.	  The	  gradation	  that	  is	  shown	  on	  the	  P-­‐401	  specification	  is	  considered	  a	  fine	  graded	  mixture	  since	  it	  does	  plot	  above	  the	  0.45-­‐power	  line.	  Figure	  17	  shows	  the	  aggregate	  gradation	  as	  shown	  on	  the	  P-­‐401	  FAA	  Asphalt	  specification.	  	  
37.5 25 19 12.5 9.5 4.75
CA Ratio 0.80-0.95 0.70-0.85 0.60-0.75 0.50-0.65 0.40-0.55 0.30-0.45
FA Ratio (Coarse) 0.35-0.50 0.35-0.50 0.35-0.50 0.35-0.50 0.35-0.50 0.35-0.50
FA ratio (Fine) 0.35-0.50 0.35-0.50 0.35-0.50 0.35-0.50 0.35-0.50 0.35-0.50
NMPS, mm
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  Figure	  2.9	  -­‐	  Aggregate	  Gradation	  for	  P-­‐401	  Specification	  (From	  Reference	  6)	  	  2.7	   IDOT	  Specification	  FG	  The	  Illinois	  Department	  of	  Transportation,	  Bureau	  of	  Materials	  and	  Physical	  Research	  (IDOT	  BMPR)	  has	  two	  fine	  graded	  HMA	  specifications,	  IL	  19.0	  mm	  FG	  and	  IL	  9.5	  mm	  FG.	  These	  mixtures	  plot	  above	  the	  0.45-­‐power	  chart	  and	  they	  are	  to	  be	  utilized	  in	  select	  project	  instead	  of	  the	  typical	  coarse	  graded	  mix	  that	  is	  included	  on	  the	  IDOT	  Standards	  Specifications.	  	  The	  IL	  19.0	  mm	  FG	  mix	  has	  been	  utilized	  as	  a	  binder	  lift	  by	  the	  Illinois	  Department	  of	  Transportation.	  This	  mix	  has	  been	  utilized	  with	  both	  unmodified	  asphalt	  and	  polymerized	  asphalt.	  The	  field	  performance	  of	  this	  mix	  is	  a	  main	  topic	  for	  this	  thesis.	  Figure	  18	  shows	  the	  gradation	  of	  the	  IL	  19.0	  mm	  FG	  mix.	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  Figure	  2.10	  –	  Gradation	  of	  IL	  19.0	  mm	  FG	  (From	  Reference	  7)	  The	  IL	  9.5	  mm	  FG	  gradation	  is	  a	  mix	  that	  is	  utilized	  as	  both	  as	  a	  level	  binder	  and	  as	  a	  surface	  mix.	  IL	  9.5	  mm	  FG	  should	  only	  be	  utilized	  as	  a	  surface	  mix	  on	  roads	  with	  low	  speeds	  (less	  or	  equal	  then	  45	  mph).	  The	  reason	  for	  this	  exception	  is	  because	  there	  is	  not	  enough	  friction	  data	  at	  the	  time	  that	  guarantees	  that	  this	  mix	  will	  perform	  well	  as	  a	  surface	  mix	  at	  higher	  speeds.	  Figure	  19	  shows	  the	  gradation	  for	  IL	  9.5	  mm	  FG.	  	  
	  Figure	  2.11	  –	  Gradation	  of	  IL	  9.5	  mm	  FG	  (From	  Reference	  8)	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2.8	   Kandhal	  and	  Cooley	  (National	  Center	  for	  Asphalt	  Technology)	  In	  this	  experiment,	  fourteen	  mixtures	  with	  two	  nominal	  maximum	  aggregate	  sizes,	  9.5	  and	  19.0	  mm;	  two	  coarse	  aggregate	  types,	  and	  four	  types	  of	  fine	  aggregates	  were	  utilized.	  Three	  test	  methods	  were	  utilized	  in	  order	  to	  determine	  the	  rut	  resistance	  of	  both	  the	  fine	  graded	  and	  coarse	  graded	  mixtures.	  The	  three	  test	  methods	  that	  were	  utilized	  were	  the	  Asphalt	  Pavement	  Analyzer,	  Superpave	  shear	  tester	  and	  the	  repeated	  load	  confined	  creep	  test.	  The	  asphalt	  pavement	  analyzer	  (APA)	  produced	  results	  that	  were	  variable	  due	  to	  the	  type	  of	  aggregate	  that	  was	  utilized.	  In	  some	  sections,	  above	  the	  restricted	  zone	  produced	  the	  higher	  rut	  depth	  and	  in	  some	  sections,	  below	  the	  rut	  depth	  produced	  the	  higher	  rut	  depths.	  	  With	  the	  data	  obtained	  from	  the	  APA	  testing,	  a	  statistical	  analysis	  was	  conducted	  in	  order	  to	  obtain	  further	  conclusions	  from	  the	  study.	  A	  t-­‐test	  was	  conducted	  on	  the	  data.	  The	  t-­‐test	  concluded	  that	  there	  is	  no	  significant	  difference	  between	  the	  rut	  depths	  of	  the	  BRZ	  sections	  and	  the	  ARZ	  sections	  in	  six	  out	  of	  the	  seven	  comparisons.	  The	  only	  comparison	  that	  was	  significantly	  different	  was	  when	  a	  combination	  of	  a	  coarse	  aggregate	  of	  granite	  and	  a	  fine	  aggregate	  of	  sandstone	  was	  utilized	  and	  the	  nominal	  maximum	  aggregate	  size	  was	  9.5	  mm.	  In	  this	  comparison,	  the	  mix	  that	  was	  ARZ	  performed	  better.	  However,	  from	  what	  it	  was	  observed	  on	  the	  rest	  of	  the	  experiments,	  it	  can	  be	  concluded	  that	  the	  mixtures	  that	  plot	  above	  the	  restricted	  zone	  can	  perform	  as	  well	  as	  the	  mixtures	  that	  plot	  below	  the	  restricted	  zone.	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CHAPTER 3 
OVERVIEW OF IDOT PAY-FOR-PERFORMANCE 3.1	   IDOT	  Pay	  for	  Performance	  Per	  the	  IDOT	  Bureau	  of	  Materials	  and	  Physical	  Research	  (IDOT	  BMPR),	  the	  Pay–for-­‐Performance	  (PFP)	  criteria	  is	  described	  as	  the	  most	  accurate	  measure	  of	  quality	  of	  Hot	  Mix	  Asphalt.	  It	  also	  states	  that	  in	  order	  to	  ensure	  the	  accuracy	  of	  the	  statistical	  measure	  and	  consequent	  payment,	  that	  the	  specifications	  for	  HMA	  QC/QA	  testing	  should	  have	  a	  minimum	  of	  8	  mixture	  tests.	  Because	  of	  this	  limitation,	  IDOT	  is	  utilizing	  the	  PFP	  QC/QA	  criteria	  for	  projects	  that	  require	  more	  than	  8,000	  tons	  of	  HMA.	  	  IDOT	  is	  considering	  extending	  PFP	  for	  use	  on	  smaller	  projects	  as	  it	  appears	  to	  do	  a	  better	  job	  at	  promoting	  quality	  as	  compared	  to	  typical	  QC/QA	  specifications	  without	  significantly	  elevating	  bid	  prices.	  PFP	  is	  the	  preferred	  method	  of	  QC/QA	  for	  HMA	  projects	  in	  interstates	  and	  supplemental	  freeways.	  Both	  projects	  that	  will	  be	  discussed	  in	  this	  thesis	  were	  evaluated	  with	  the	  PFP	  criteria,	  as	  these	  projects	  were	  built	  on	  interstates	  and	  these	  projects	  required	  over	  8,000	  tons	  of	  HMA.	  It	  has	  been	  widely	  suggested	  that	  FG	  HMA	  is	  able	  to	  reach	  the	  desired	  density,	  VMA	  and	  air	  voids	  value	  on	  a	  more	  consistent	  basis	  when	  compared	  with	  CG	  HMA.	  If	  FG	  HMA	  reaches	  more	  consistent	  results,	  the	  results	  will	  have	  a	  lower	  standard	  deviation.	  The	  PFP	  criteria	  rewards	  or	  penalizes	  the	  contractors	  based	  on	  how	  high	  or	  how	  low	  standard	  deviation	  for	  a	  certain	  property.	  The	  lower	  the	  standard	  deviation	  is	  on	  a	  density	  values,	  air	  void	  values	  or	  voids	  in	  the	  mineral	  aggregate	  values,	  the	  higher	  are	  the	  chances	  for	  the	  contractor	  to	  not	  get	  a	  monetary	  penalty	  and	  maybe	  get	  a	  bonus	  if	  the	  standard	  deviation	  is	  outstandingly	  low.	  	  As	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transportation	  agencies	  adopt	  more	  accurate	  measure	  for	  quality	  such	  as	  PFP,	  the	  more	  the	  contractors	  would	  like	  to	  consider	  a	  more	  consistent	  mix	  that	  would	  reduce	  their	  chances	  of	  a	  monetary	  penalty.	  Since	  many	  transportation	  agencies	  are	  having	  budgetary	  issues	  when	  it	  comes	  to	  the	  rehabilitation/reconstruction	  of	  roads,	  many	  agencies	  will	  look	  into	  a	  more	  strict	  method	  to	  measure	  quality	  that	  will	  optimize	  the	  usage	  of	  every	  single	  financial	  resource	  in	  the	  respective	  agency.	  This	  emphasizes	  the	  need	  to	  explore	  the	  consistency	  of	  FG	  HMA	  and	  review	  the	  results	  that	  FG	  HMA	  has	  provided	  when	  evaluated	  with	  PFP.	  	  Before	  the	  QC/QA	  data	  is	  evaluated,	  the	  process	  for	  obtaining	  the	  PFP	  results	  needs	  to	  be	  understood.	  The	  first	  step	  is	  to	  calculate	  the	  arithmetic	  mean	  and	  the	  sample	  standard	  deviation	  of	  the	  sample.	  After	  this,	  the	  main	  parameters	  for	  PFP	  are	  calculated.	  	  The	  first	  parameter	  is	  the	  upper	  quality	  index.	  Below	  in	  the	  figure	  3.1,	  the	  formula	  is	  given	  per	  the	  IDOT	  PFP	  Quality	  Level	  Analysis.	  	  
	  Figure	  3.1	  Upper	  Quality	  Index	  (From	  Reference	  10)	  The	  upper	  specification	  limit	  that	  is	  required	  for	  the	  calculation	  of	  the	  Qu	  is	  the	  target	  value	  plus	  the	  summation	  of	  the	  allowable	  deviation	  for	  the	  property	  in	  question.	  For	  example,	  the	  target	  air	  void	  content	  for	  a	  certain	  mix	  is	  4%.	  The	  allowable	  deviation	  for	  the	  air	  void	  content	  is	  1.35%.	  For	  the	  upper	  specification	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limit,	  the	  value	  will	  be	  5.35%.	  The	  “s”	  is	  the	  sample	  standard	  deviation	  and	  the	  “x”	  is	  the	  arithmetic	  mean	  of	  this	  sample.	  	  The	  other	  parameter	  that	  is	  required	  for	  the	  PFP	  calculations	  is	  the	  lower	  quality	  index.	  Below	  on	  the	  Figure	  3.2,	  the	  formula	  for	  the	  lower	  specification	  limit	  is	  given	  per	  the	  IDOT	  PFP	  Quality	  Level	  Analysis.	  	  
	  Figure	  3.2	  Lower	  Quality	  Index	  (From	  Reference	  10)	  The	  lower	  specification	  limit	  that	  is	  required	  for	  the	  calculation	  of	  the	  Ql	  is	  the	  target	  value	  plus	  the	  subtraction	  of	  the	  allowable	  deviation.	  For	  example,	  if	  the	  target	  value	  for	  a	  certain	  HMA	  mix	  is	  4.0%	  and	  the	  allowable	  deviation	  is	  1.35%.	  The	  lower	  specification	  limit	  would	  be	  2.65%	  for	  the	  air	  voids.	  The	  “s”	  and	  “x”	  variables	  are	  the	  same	  as	  they	  were	  for	  the	  Upper	  Quality	  Index.	  	  The	  next	  parameter	  that	  is	  needed	  is	  the	  values	  of	  Pu	  and	  Pl.	  With	  a	  given	  Qu,	  a	  value	  of	  Pu	  is	  obtained	  by	  using	  the	  table	  in	  the	  IDOT	  Manual	  of	  Test	  Procedures	  for	  Materials.	  With	  a	  given	  values	  of	  Ql,	  a	  value	  of	  Pl	  is	  obtained	  by	  using	  the	  table	  in	  the	  IDTO	  Manual	  of	  Test	  Procedures	  for	  Materials.	  	  After	  the	  Pu	  and	  Pl	  values	  are	  obtained,	  the	  quality	  level	  is	  obtained.	  This	  parameter	  is	  also	  known	  as	  PWL,	  the	  total	  percent	  within	  specification	  limits.	  The	  formula	  for	  this	  parameter	  can	  be	  seen	  on	  Figure	  3.3.	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  Figure	  3.3	  Quality	  Level	  Formula	  (From	  Reference	  10)	  The	  quality	  level	  is	  crucial	  to	  obtain	  the	  main	  parameter	  of	  PFP,	  the	  pay	  factor.	  The	  pay	  factor	  determines	  the	  level	  of	  quality	  of	  a	  certain	  property	  of	  an	  HMA	  mix	  (i.e.	  VMA,	  density	  and	  air	  voids).	  Below	  is	  the	  formula	  for	  the	  pay	  factor	  in	  Figure	  3.4.	  	  
	  Figure	  3.4	  Pay	  Factor	  (From	  Reference	  10)	  The	  maximum	  pay	  factor	  a	  contractor	  can	  obtain	  for	  a	  certain	  property	  is	  103.	  	  Pay	  factors	  for	  individual	  properties	  are	  averaged	  in	  order	  to	  obtain	  a	  final	  composite	  pay	  factor	  for	  the	  HMA	  mix	  in	  a	  given	  project.	  The	  formula	  for	  the	  composite	  pay	  factor	  (CPF)	  can	  be	  seen	  on	  Figure	  3.5.	  
	  	  Figure	  3.5	  Composite	  Pay	  Factor	  (From	  Reference	  10)	  The	  pay	  factor	  for	  the	  density	  is	  weighted	  higher	  than	  the	  other	  two	  pay	  factors	  in	  this	  equation.	  The	  CPF	  divided	  by	  100	  is	  multiplied	  by	  the	  actual	  bidding	  cost	  of	  the	  HMA	  mix	  will	  determine	  the	  actual	  cost	  that	  the	  transportation	  agency	  will	  pay	  the	  contractor.	  For	  example	  if	  the	  CPF	  of	  a	  certain	  HMA	  mix	  was	  103	  and	  the	  cost	  for	  the	  HMA	  mix	  was	  $10,000,	  the	  actual	  cost	  will	  be:	  Actual	  Cost	  =	  $10,000	  X	  1.03	  =	  $10,300	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A	  CPF	  of	  103	  signifies	  that	  the	  contractor	  will	  get	  a	  monetary	  bonus	  of	  3%	  in	  the	  project	  in	  accordance	  with	  the	  higher	  quality	  of	  the	  HMA	  that	  was	  produced	  and	  constructed.	  On	  the	  other	  hand,	  if	  a	  mix	  resulted	  in	  a	  CPF	  of	  98,	  the	  contactor	  would	  have	  a	  reduction	  or	  penalty	  of	  2%	  from	  the	  actual	  bid	  cost	  of	  the	  HMA	  mixture.	  	  The	  purpose	  of	  this	  chapter	  was	  to	  give	  a	  brief	  overview	  of	  the	  procedure	  utilized	  by	  IDOT	  for	  Pay	  for	  Performance	  per	  the	  IDOT	  Manual	  of	  Test	  Procedures	  for	  Materials.	  The	  procedure	  outlined	  in	  this	  chapter	  will	  explain	  the	  performance	  of	  FG	  HMA	  in	  both	  projects	  that	  were	  investigated.	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CHAPTER 4 
INTRODUCTION TO CASE STUDIES 4.1	  	  	  Case	  Studies	  	   The	  case	  studies	  for	  this	  thesis	  are	  located	  on	  the	  District	  5	  of	  the	  Illinois	  Department	  of	  Transportation.	  The	  first	  case	  study	  that	  will	  be	  explored	  will	  be	  the	  rubblization	  of	  Interstate	  57	  just	  north	  of	  Champaign,	  IL.	  The	  second	  case	  study	  will	  be	  the	  rubblization	  of	  Interstate	  39	  just	  north	  of	  Bloomington,	  IL.	  Both	  projects	  used	  a	  fine	  graded	  gradation	  for	  their	  binder	  course	  and	  both	  projects	  used	  IDOT	  Pay	  for	  performance	  as	  the	  method	  for	  QC/QA.	  	  4.2	  Interstate	  57	  The	  rubblization	  project	  that	  took	  place	  on	  Interstate	  57	  was	  located	  from	  south	  of	  Olympian	  Dr.	  in	  Champaign,	  IL	  to	  2	  mi	  south	  of	  Thomasboro,	  IL.	  The	  project	  length	  was	  5.027	  mi.	  Only	  the	  northbound	  lanes	  were	  rubblized	  and	  overlaid	  with	  HMA	  in	  this	  project.	  Figure	  3.1	  should	  the	  location	  of	  the	  project	  per	  the	  cover	  page	  of	  the	  plans	  for	  this	  project.	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  Figure	  4.1	  Location	  of	  I-­‐57	  Rubblization	  project	  	  This	  section	  of	  Interstate	  57	  consisted	  on	  continuously	  reinforced	  concrete	  pavement	  (CRCP)	  with	  several	  HMA	  overlays.	  	  The	  CRCP	  was	  rubblized	  and	  the	  new	  fine	  graded	  HMA	  IL	  19.0	  mm	  was	  put	  into	  place.	  The	  overall	  thickness	  of	  the	  HMA	  overlay	  per	  IDOT	  Pavement	  Design	  policy	  is	  11.25	  in,	  which	  is	  the	  minimum	  thickness	  for	  an	  HMA	  overlay	  over	  rubblized	  pavement.	  Of	  the	  11.25	  in,	  there	  are	  three	  layers	  of	  HMA.	  The	  bottom	  binder	  course	  has	  a	  thickness	  of	  7	  in.	  and	  it	  consists	  of	  the	  mix	  IL	  19.0	  mm	  FG.	  The	  layer	  on	  top	  of	  this	  bottom	  binder	  layer	  is	  also	  considered	  a	  binder	  course.	  This	  layer,	  which	  has	  an	  overall	  thickness	  of	  2.25	  in,	  consists	  of	  polymerized	  IL	  19.0	  mm	  FG.	  The	  2	  in	  surface	  layer	  is	  not	  a	  fine	  graded	  mix	  therefore	  it	  will	  not	  be	  discussed	  in	  this	  thesis.	  Below	  on	  figure	  3.2	  is	  a	  typical	  cross	  section	  of	  the	  proposed	  pavement	  structure	  at	  the	  time	  per	  the	  plans	  for	  this	  project.	  This	  pavement	  structure	  is	  in	  place	  at	  this	  time.	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   Figure	  4.2	  Typical	  Cross	  Section	  of	  Interstate	  57	  (From	  
http://eplan.dot.il.gov/desenv/042613/70716-­‐140/PLANS/)	  Per	  the	  plans	  for	  this	  project,	  the	  annual	  daily	  traffic	  for	  this	  section	  of	  Interstate	  57	  was	  21,800	  vehicles	  in	  2009.	  This	  value	  was	  utilized	  for	  the	  pavement	  design	  for	  this	  section,	  which	  lead	  to	  11.25	  in.	  per	  IDOT	  Policy.	  	  The	  awarded	  price	  for	  this	  contract	  was	  $8,836,436.90.	  The	  unit	  costs	  for	  the	  F-­‐G	  HMA	  binder	  course	  were	  as	  follows:	  
• HMA	  Binder	  Course	  IL-­‐19.0	  mm	  FG	  N90	  -­‐	  $83.00/ton	  
• Polymerized	  HMA	  Binder	  Course	  IL-­‐19.0	  mm	  FG	  N90	  -­‐	  $89.50/ton	  4.3 Interstate	  39	  The	  Interstate	  39	  Rubblization	  project	  took	  place	  on	  the	  southbound	  lanes	  of	  I-­‐39,	  just	  north	  of	  Bloomington,	  IL.	  The	  overall	  project	  length	  was	  2.984	  mi.	  Figure	  3.3	  shows	  the	  location	  of	  the	  project	  per	  the	  plans	  for	  this	  project.	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  Figure	  4.3	  Location	  of	  project	  on	  I-­‐39	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This	  section	  of	  I-­‐39	  consisted	  of	  continuously	  reinforced	  concrete	  pavement	  that	  was	  damaged	  due	  to	  alkali-­‐silica	  reaction	  damage.	  This	  pavement	  section	  did	  not	  have	  an	  HMA	  overlay	  on	  top	  of	  the	  CRCP.	  The	  damaged	  CRCP	  was	  rubblized	  and	  an	  HMA	  layer	  of	  8	  in.	  was	  placed	  on	  top	  of	  the	  rubblized	  pavement.	  The	  thickness	  of	  8	  in	  was	  made	  as	  a	  design	  exception	  therefore	  this	  section	  will	  be	  monitored	  closely	  by	  IDOT	  for	  performance	  data.	  The	  binder	  course	  for	  this	  section	  is	  fine	  graded	  and	  the	  surface	  course	  was	  not	  a	  fine	  graded	  layer.	  The	  bottom	  layer	  of	  the	  HMA	  overlay	  is	  unmodified	  HMA	  IL	  19.0	  mm	  FG.	  This	  layer	  has	  a	  thickness	  of	  3.75	  in.	  The	  second	  layer	  of	  the	  HMA	  overlay	  is	  polymerized	  HMA	  IL	  19.0	  mm	  FG.	  This	  layer	  has	  a	  thickness	  of	  2.25	  in.	  The	  surface	  course,	  which	  is	  not	  fine	  graded,	  has	  a	  thickness	  of	  2	  in.	  Figure	  3.4	  shows	  the	  typical	  cross	  section	  of	  I-­‐39,	  as	  it	  was	  proposed	  on	  the	  plans	  before	  it	  was	  constructed.	  	  
	  Figure	  4.4	  Typical	  Cross	  Section	  of	  I-­‐39	  per	  the	  plans	  (From	  
http://eplan.dot.il.gov/desenv/061413/70634-­‐067/PLANS/)	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The	  average	  daily	  traffic	  for	  this	  section	  can	  be	  seen	  on	  Figure	  3.5.	  This	  project	  has	  different	  sections	  where	  different	  values	  of	  ADT	  were	  recorded.	  	  
	  Figure	  4.5	  Traffic	  Data	  for	  I-­‐39	  Rubblization	  project	  (From	  
http://eplan.dot.il.gov/desenv/061413/70634-­‐067/PLANS/)	  This	  traffic	  data	  was	  utilized	  for	  the	  pavement	  design	  for	  this	  section.	  A	  Mechanistic-­‐Empirical	  pavement	  design	  was	  utilized	  for	  this	  section,	  which	  has	  an	  HMA	  overlay	  of	  8	  in	  over	  rubblized	  CRCP	  pavement.	  The	  awarded	  price	  for	  this	  contract	  was	  $5,998,655.58.	  The	  unit	  costs	  for	  the	  F-­‐G	  HMA	  binder	  course	  were	  as	  follows:	  
• HMA	  Binder	  Course	  IL-­‐19.0	  mm	  FG	  N90	  -­‐	  $85.10/ton	  
• Polymerized	  HMA	  Binder	  Course	  IL-­‐19.0	  mm	  FG	  N90	  -­‐	  $100.26/ton	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CHAPTER 5 
PERFORMANCE OF IL-19.0 MM FG PER IDOT PFP CRITERIA  5.1	  	  	  Evaluation	  of	  results	  of	  FG	  HMA	  per	  IDOT	  PFP	  Criteria	  The	  case	  studies	  that	  were	  evaluated	  in	  this	  thesis	  consisted	  of	  two	  interstate	  projects	  that	  had	  two	  layers	  of	  the	  IL	  19.0	  mm	  FG	  mix.	  Both	  FG	  HMA	  layers	  compose	  the	  binder	  course	  of	  each	  section.	  The	  bottom	  binder	  courser	  layer	  had	  unmodified	  binder	  and	  the	  top	  binder	  course	  had	  polymerized	  binder.	  The	  unmodified	  IL-­‐19.0	  mm	  HMA	  mix	  and	  the	  polymerized	  IL-­‐19.0	  mm	  HMA	  are	  labeled	  as	  separate	  pay	  items	  per	  IDOT	  therefore	  each	  mix	  was	  evaluated	  separately	  for	  QC/QA	  with	  the	  IDOT	  PFP	  criteria.	  It	  is	  required	  by	  IDOT	  that	  all	  interstate	  projects	  should	  use	  the	  Pay	  for	  Performance	  evaluation	  criteria	  for	  QC/QA.	  This	  chapter	  will	  explore	  the	  QC/QA	  data	  for	  both	  layers	  of	  FG	  HMA	  in	  the	  projects	  that	  were	  chosen	  to	  be	  case	  studies	  for	  this	  thesis.	  	  Each	  sample	  was	  obtained	  per	  the	  IDOT	  Pay-­‐for-­‐Performance	  specification	  for	  jobsite	  testing.	  Each	  mix	  had	  a	  mix	  lot	  and	  a	  density	  lot.	  For	  a	  sample	  that	  is	  tested	  for	  air	  voids	  and	  VMA,	  a	  lot	  consists	  of	  a	  minimum	  of	  8	  sublots	  of	  1000	  tons	  each.	  If	  the	  amount	  of	  mix	  is	  less	  than	  8000	  tons,	  the	  amount	  of	  HMA	  mix	  in	  tons	  is	  adjusted	  per	  sublot	  so	  there	  are	  8	  sublots	  for	  the	  lot.	  The	  tonnage	  that	  is	  obtained	  for	  the	  sample	  is	  random.	  For	  the	  density	  cores,	  a	  density	  lot	  consists	  of	  30	  density	  intervals/cores.	  Each	  interval	  is	  considered	  a	  lot.	  The	  cores	  for	  the	  density	  tests	  are	  taken	  at	  random	  longitudinal	  distances	  and	  random	  offsets	  within	  each	  density	  testing	  interval.	  The	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Gmm	  utilized	  for	  the	  density	  calculations	  is	  the	  running	  average	  of	  four	  including	  the	  day	  of	  production.	  5.2 Interstate	  57	  The	  project	  at	  I-­‐57	  included	  two	  layers	  that	  were	  evaluated	  per	  IDOT	  PFP	  criteria.	  Both	  binder	  course	  layers	  were	  evaluated	  per	  IDOT	  PFP.	  AASHTO	  T	  166	  was	  utilized	  with	  the	  cores	  obtained	  from	  the	  compacted	  layer	  in	  order	  to	  obtain	  the	  bulk	  specific	  density	  (Gmb).	  AASHTO	  T	  209	  was	  utilized	  in	  order	  to	  obtain	  the	  Theoretical	  Maximum	  Specific	  Gravity	  (Gmm)	  of	  the	  mix	  that	  was	  put	  into	  place.	  	  5.2.1	  Unmodified	  IL-­‐19.0	  mm	  FG	  in	  Interstate	  57	  	  The	  table	  below	  shows	  the	  density	  results	  of	  the	  cores	  from	  the	  unmodified	  HMA	  IL-­‐19.0	  mm	  FG	  that	  were	  obtained	  at	  I-­‐57	  after	  the	  compaction	  of	  the	  respective	  layer.	  Below	  on	  picture	  4.1,	  there	  is	  a	  picture	  of	  a	  core	  of	  the	  unmodified	  IL-­‐19.0	  mm	  FG	  that	  was	  obtained	  on	  I-­‐57.	  Cores	  like	  the	  one	  in	  the	  picture	  were	  used	  for	  the	  density	  tests.	  
	  Figure	  5.1	  –	  Core	  containing	  unmodified	  IL-­‐19.0	  mm	  FG	  from	  I-­‐57	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There	  were	  5	  lots	  for	  density	  testing;	  the	  first	  four	  core	  lots	  had	  30	  sublots	  while	  the	  last	  core	  lot	  had	  37	  sublots.	  	  Table	  5.1:	  Density	  Results	  for	  Core	  lot	  1	  for	  IL-­‐19.0	  mm	  FG	  (unmodified)	  on	  I-­‐57	  Core	  Lot	  1	  Sublot	  #	   Offset	   Density	  (%)	   Sublot	  #	   Offset	   Density	  (%)	  1	   5.8	   94.6	   20	   13.4	   92.7	  2	   9.6	   95	   21	   10.5	   93.8	  3	   1.5	   94	   22	   7	   96.2	  4	   7.9	   96.2	   23	   7.9	   95.9	  5	   12.5	   94.1	   24	   8.8	   95.2	  6	   5.9	   95.3	   25	   9.6	   94.5	  7	   9.1	   93.5	   26	   1.1	   93.7	  8	   1.6	   93.6	   27	   11.1	   94.9	  9	   9.2	   93.6	   28	   7.4	   94.4	  10	   10.4	   94.5	   29	   1.2	   93.4	  11	   5.2	   96.5	   30	   6.4	   93.9	  12	   2.3	   92.2	   Average:	  	   94.33	  13	   1.5	   93.5	   Std	  Dev.:	  	   1.088	  14	   9.8	   92.8	   Qu:	  	   2.45	  15	   5.7	   95	   Ql:	  	   1.96	  16	   2	   94	   PWLu:	  	   100	  17	   8.5	   95.7	   PWLl:	  	   98	  18	   2.4	   93.5	   PWL:	  	   98	  19	   4.2	   93.6	   PF:	  	   102	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Table	  5.2:	  Density	  Results	  for	  Core	  Lot	  2	  for	  IL	  19.0	  mm	  FG	  on	  I-­‐57	  (unmodified)	  Core	  Lot	  2	  Sublot	  #	   Offset	   Density	  (%)	   Sublot	  #	   Offset	   Density	  (%)	  1	   8.7	   93.7	   20	   9.9	   95.3	  2	   1.7	   93.2	   21	   10.6	   95	  3	   4.3	   92.6	   22	   0.83	   93.8	  4	   9.2	   93.1	   23	   10.2	   93.5	  5	   2.8	   93.1	   24	   8.3	   95.8	  6	   3.1	   93.4	   25	   1.5	   93.6	  7	   7.9	   93.7	   26	   8.4	   95	  8	   11.4	   92.8	   27	   0.83	   93.5	  9	   4.6	   94.1	   28	   3.9	   96.3	  10	   4	   94.5	   29	   2.2	   94.3	  11	   1.5	   93.6	   30	   10.67	   93.5	  12	   12.3	   92.1	   Average:	  	   94.08	  13	   8.5	   93.7	   Std	  Dev.:	  	   1.111	  14	   5.1	   93.3	   Qu:	  	   2.63	  15	   3.6	   95.9	   Ql:	  	   1.69	  16	   6.9	   95.3	   PWLu:	  	   100	  17	   1.9	   93.3	   PWLl:	  	   96	  18	   2.2	   95.8	   PWL:	  	   96	  19	   2.6	   95.7	   PF:	  	   101	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Table	  5.3	  –	  Density	  Results	  for	  Core	  Lot	  3	  for	  IL	  19.0	  mm	  FG	  unmodified	  Core	  Lot	  3	  Sublot	  #	   Offset	   Density	  (%)	   Sublot	  #	   Offset	   Density	  (%)	  1	   6.5	   95.4	   20	   2.5	   94.8	  2	   6.7	   96.7	   21	   5.3	   94.9	  3	   1.5	   94.6	   22	   6	   94.9	  4	   10	   94.2	   23	   2.2	   93.7	  5	   2.9	   93.4	   24	   5.9	   95.4	  6	   10.3	   94.6	   25	   5.7	   94.7	  7	   5.8	   96.9	   26	   5.5	   96.4	  8	   3.6	   95.1	   27	   6.8	   94.7	  9	   0.64	   94.3	   28	   8.9	   94.7	  10	   10.5	   93.1	   29	   4.8	   94.4	  11	   4.4	   95.6	   30	   5.3	   94.7	  12	   0.84	   94.2	   Average:	  	   94.93	  13	   6.8	   97.5	   Std	  Dev.:	  	   1.017	  14	   3.6	   94.6	   Qu:	  	   2.04	  15	   7.9	   94.4	   Ql:	  	   2.68	  16	   6.9	   95	   PWLu:	  	   99	  17	   6.1	   96.4	   PWLl:	  	   100	  18	   10.3	   93.8	   PWL:	  	   99	  19	   1.7	   94.7	   PF:	  	   102.5	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Table	  5.4	  –	  Density	  Results	  for	  Core	  Lot	  4	  for	  IL	  19.0	  mm	  FG	  on	  I-­‐57	  (Unmodified)	  Core	  Lot	  4	  Sublot	  #	   Offset	   Density	  (%)	   Sublot	  #	   Offset	   Density	  (%)	  1	   4	   92.1	   20	   1.8	   94.1	  2	   0.84	   93.8	   21	   11	   93.9	  3	   11.9	   94.4	   22	   6.9	   95.1	  4	   4.6	   95.1	   23	   6.7	   95.8	  5	   12.1	   93.2	   24	   10.3	   93.2	  6	   6.5	   97	   25	   5.7	   92.1	  7	   5.8	   96.1	   26	   3.1	   93.1	  8	   11.4	   93.6	   27	   4.1	   95.6	  9	   1.9	   94.3	   28	   3.6	   92.9	  10	   3	   94.6	   29	   4.1	   92	  11	   0.84	   93.5	   30	   5.1	   93.4	  12	   7.2	   95.4	   Average:	  	   94.26	  13	   4.8	   94.5	   Std	  Dev.:	  	   1.24	  14	   9.3	   94.6	   Qu:	  	   2.21	  15	   7.9	   96	   Ql:	  	   1.66	  16	   0.84	   94.5	   PWLu:	  	   99	  17	   0.84	   93.9	   PWLl:	  	   96	  18	   5.4	   95.3	   PWL:	  	   95	  19	   4.7	   94.7	   PF:	  	   100.5	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Table	  5.5	  –	  Density	  Results	  for	  Core	  Lot	  5	  for	  IL-­‐19.0	  mm	  FG	  on	  I-­‐57	  (unmodified)	  Core	  Lot	  5	  Sublot	  #	   Offset	   Density	  (%)	   Sublot	  #	   Offset	   Density	  (%)	  1	   11	   94.4	   23	   4.3	   95.1	  2	   9.6	   95.2	   24	   10.3	   93.2	  3	   8.4	   94.1	   25	   2.3	   94.1	  4	   12	   93.6	   26	   6	   94.9	  5	   2.3	   94.5	   27	   3.4	   94.8	  6	   6.3	   95.7	   28	   9.7	   93.4	  7	   2.7	   93.9	   29	   6.9	   93.8	  8	   8.5	   94.6	   30	   6.7	   95.7	  9	   9.9	   93.9	   31	   7.5	   94.1	  10	   10.67	   94.2	   32	   10.7	   92.3	  11	   6.7	   95.2	   33	   8.8	   94.7	  12	   7.3	   95.7	   34	   10.8	   93.6	  13	   7.3	   94.7	   35	   10.1	   95.3	  14	   3.6	   94.9	   36	   19	   94.2	  15	   0.87	   93.9	   37	   0.87	   93.7	  16	   3.6	   94.4	   Average:	  	   94.41	  17	   8.2	   95.7	   Std	  Dev.:	  	   0.8	  18	   10.67	   94.4	   Qu:	  	   3.24	  19	   3.2	   95.2	   Ql:	  	   2.76	  20	   1.3	   94.7	   PWLu:	  	   100	  21	   3.3	   94.2	   PWLl:	  	   100	  22	   2.2	   93	   PWL:	  	   100	  	   	   	   PF:	  	   103	  	  The	  average	  compaction	  percentage	  of	  core	  lot	  1	  was	  94.3%	  with	  a	  standard	  deviation	  of	  1.09	  for	  a	  pay	  factor	  of	  102.	  The	  second	  lot	  had	  an	  average	  of	  94.08%	  with	  a	  standard	  deviation	  of	  1.11	  for	  a	  pay	  factor	  of	  101.	  Lot	  3	  had	  an	  average	  of	  94.9%	  with	  a	  standard	  deviation	  of	  1.02	  for	  a	  pay	  factor	  of	  102.5.	  Lot	  4	  had	  an	  average	  of	  94.3%	  with	  a	  standard	  deviation	  of	  1.24	  for	  a	  pay	  factor	  of	  100.5.	  Lot	  5	  had	  an	  average	  of	  94.4%	  with	  a	  standard	  deviation	  of	  0.8	  for	  a	  pay	  factor	  of	  103.	  The	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mean	  of	  the	  pay	  factors	  of	  all	  density	  core	  lots	  for	  this	  mix	  is	  101.9.	  This	  average	  will	  be	  the	  value	  that	  will	  be	  utilized	  to	  calculate	  the	  final	  composite	  pay	  factor.	  	  The	  next	  volumetric	  characteristic	  that	  was	  evaluated	  in	  this	  mix	  was	  the	  voids	  in	  the	  mineral	  aggregate	  (VMA).	  For	  this	  mix,	  a	  total	  of	  3	  mix	  lots	  were	  evaluated.	  The	  first	  two	  lots	  had	  a	  total	  of	  10	  sublots	  while	  the	  last	  mix	  lot	  had	  a	  total	  of	  11	  sublots.	  For	  the	  evaluation	  of	  VMA,	  a	  sublot	  of	  1000	  tons	  of	  mix.	  The	  following	  tables	  will	  show	  the	  VMA	  results	  per	  lot	  of	  the	  unmodified	  HMA	  IL-­‐19.0	  mm	  FG	  mix.	  	  Table	  5.6	  –	  VMA	  results	  for	  IL-­‐19.0	  mm	  FG	  in	  I-­‐57	  (unmodified)	  Mix	  Lot	  1	  Sublot	  #	   VMA	  (%)	   Sublot	  #	   VMA	  (%)	  1	   13.6	   10	   12.9	  2	   13.6	   Average:	   13.92	  3	   14.3	   Std	  Dev.:	   0.487	  4	   14.3	   Qu:	   5.3	  5	   13.8	   Ql:	   2.3	  6	   14.1	   PWLu:	   100	  7	   14.2	   PWLl:	   100	  8	   14.6	   PWL:	   100	  9	   13.8	   PF:	   103	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Table	  5.7	  –	  VMA	  results	  for	  IL-­‐19.0	  mm	  FG	  on	  I-­‐57	  (unmodified)	  Mix	  Lot	  2	  Sublot	  #	   VMA	  (%)	   Sublot	  #	   VMA	  (%)	  1	   13.6	   10	   13.8	  2	   13.9	   Average:	   13.61	  3	   13.3	   Std	  Dev.:	   0.173	  4	   13.7	   Qu:	   16.71	  5	   13.6	   Ql:	   4.68	  6	   13.5	   PWLu:	   100	  7	   13.7	   PWLl:	   100	  8	   13.5	   PWL:	   100	  9	   13.5	   PF:	   103	  	  Table	  5.8	  –	  VMA	  results	  for	  IL-­‐19.0	  mm	  FG	  on	  I-­‐57	  (unmodified)	  Mix	  Lot	  3	  Sublot	  #	   VMA	  (%)	   Sublot	  #	   VMA	  (%)	  1	   13.4	   10	   13.8	  2	   13.3	   11	   13.8	  3	   14.2	   Average:	   13.91	  4	   14.6	   Std	  Dev.:	   0.396	  5	   14.4	   Qu:	   6.54	  6	   14	   Ql:	   2.8	  7	   13.9	   PWLu:	   100	  8	   13.6	   PWLl:	   100	  9	   14	   PWL:	   100	  	   	   PF:	   103	  	   The	  average	  VMA	  for	  lot	  1	  was	  13.9%	  with	  a	  standard	  deviation	  of	  0.638	  for	  a	  pay	  factor	  of	  103.	  Lot	  2	  yielded	  an	  average	  of	  13.6%	  with	  a	  standard	  deviation	  of	  0.306	  for	  a	  pay	  factor	  of	  103.	  Lot	  3	  had	  an	  average	  VMA	  of	  13.9%	  with	  a	  standard	  deviation	  of	  0.396	  for	  a	  pay	  factor	  of	  103.	  The	  average	  pay	  factor	  for	  VMA	  for	  this	  mix	  is	  103.	  This	  pay	  factor	  will	  be	  the	  one	  utilized	  in	  the	  calculation	  of	  the	  composite	  pay	  factor	  for	  this	  mix.	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The	  final	  volumetric	  characteristic	  that	  was	  evaluated	  per	  PFP	  criteria	  was	  the	  air	  voids	  content	  in	  this	  mix.	  The	  same	  criteria	  for	  lots	  and	  sublots	  as	  in	  the	  VMA	  procedure	  was	  utilized.	  There	  are	  3	  mix	  lots	  where	  the	  first	  2	  have	  10	  sublots	  and	  the	  final	  lot	  has	  11	  sublots.	  Each	  sublot	  consists	  of	  1000	  tons	  of	  mix.	  Below	  are	  the	  results	  for	  air	  voids	  content	  per	  each	  lot	  in	  the	  unmodified	  IL-­‐19.0	  mm	  FG	  mixture.	  	  Table	  5.9	  –	  Mix	  Lot	  1	  Air	  Voids	  content	  in	  IL-­‐19.0	  mm	  FG	  in	  I-­‐57	  (unmodified)	  	  Mix	  Lot	  1	  Sublot	  #	   Voids	  (%)	   Sublot	  #	   Voids	  (%)	  1	   4.1	   10	   3.1	  2	   4.3	   Average:	   4.49	  3	   4.7	   Std	  Dev.:	   0.638	  4	   5	   Qu:	   1.35	  5	   4.5	   Ql:	   2.88	  6	   4.5	   PWLu:	   92	  7	   5.3	   PWLl:	   100	  8	   5.2	   PWL:	   92	  9	   4.2	   PF:	   99	  	  Table	  5.10	  –	  Mix	  Lot	  2	  Air	  Voids	  content	  in	  IL-­‐19.0	  mm	  FG	  on	  I-­‐57	  (unmodified)	  Mix	  Lot	  2	  Sublot	  #	   Voids	  (%)	   Sublot	  #	   Voids	  (%)	  1	   4.3	   10	   4.2	  2	   4.4	   Average:	   4.23	  3	   3.9	   Std	  Dev.:	   0.306	  4	   4.2	   Qu:	   3.66	  5	   4.5	   Ql:	   5.16	  6	   3.6	   PWLu:	   100	  7	   4.1	   PWLl:	   100	  8	   4.6	   PWL:	   100	  9	   4.5	   PF:	   103	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Table	  5.11	  –	  Mix	  Lot	  3	  Air	  Voids	  content	  in	  IL-­‐19.0	  mm	  FG	  in	  I-­‐57	  (unmodified)	  Mix	  Lot	  3	  Sublot	  #	   Voids	  (%)	   Sublot	  #	   Voids	  (%)	  1	   4.1	   10	   4.2	  2	   4.1	   11	   4.2	  3	   4.5	   Average:	   4.49	  4	   5.1	   Std	  Dev.:	   0.409	  5	   5.1	   Qu:	   2.1	  6	   5.1	   Ql:	   4.5	  7	   4.4	   PWLu:	   100	  8	   4.3	   PWLl:	   100	  9	   4.3	   PWL:	   100	  	   	   PF:	   103	  	   The	  average	  air	  voids	  content	  for	  lot	  1	  was	  4.4%	  with	  a	  standard	  deviation	  of	  0.638	  for	  a	  pay	  factor	  of	  99.	  The	  second	  lot	  yielded	  an	  average	  air	  void	  content	  of	  4.2%	  with	  a	  standard	  deviation	  of	  0.306	  for	  a	  pay	  factor	  of	  103.	  The	  final	  lot	  has	  an	  average	  air	  void	  content	  of	  4.5%	  with	  a	  standard	  deviation	  of	  0.409	  for	  a	  pay	  factor	  of	  103.	  The	  average	  pay	  factor	  for	  air	  voids	  content	  in	  this	  mix	  was	  101.7.	  This	  value	  will	  be	  the	  one	  utilized	  in	  the	  calculation	  of	  the	  composite	  pay	  factor	  for	  this	  mix.	  Below	  is	  a	  summary	  of	  the	  average	  pay	  factor	  per	  volumetric	  properties	  in	  this	  mix:	  Table	  5.12	  –	  Average	  pay	  factors	  for	  IL-­‐19.0	  mm	  FG	  for	  I-­‐57	  
	  With	  these	  3	  average	  pay	  factors,	  the	  composite	  pay	  factor	  for	  this	  mix	  is	  calculated	  as	  follows:	  
Composite	  pay	  factor	  =	  0.3*101.7	  +	  0.3*103	  +	  0.4*101.9	  =	  102.2	  	  
Voids 101.7
VMA 103
Density 101.9
Average	  Pay	  Factors
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The	  composite	  pay	  factor	  for	  this	  mix	  is	  102.2.	  This	  signifies	  that	  the	  contractor	  obtained	  a	  2.2%	  bonus	  in	  this	  project	  for	  this	  mix.	  There	  were	  30,668	  tons	  of	  IL-­‐19.0	  mm	  unmodified	  put	  into	  place	  in	  this	  project.	  The	  cost	  per	  ton	  was	  $83.00/ton.	  This	  yielded	  a	  total	  bid	  cost	  of	  $2,545,444.	  The	  total	  bonus	  for	  this	  pay	  item	  was	  calculated	  as	  follows:	  
Bonus	  per	  PFP	  =	  0.022*$2,545,444	  =	  $55,999.77	  	  For	  this	  mix,	  the	  contractor	  obtained	  a	  bonus	  of	  $55,999.77.	  5.2.2	  Polymerized	  IL-­‐19.0	  mm	  FG	  on	  Interstate	  57	  The	  polymerized	  HMA	  IL-­‐19.0	  mm	  mix	  was	  also	  evaluated	  per	  IDOT	  PFP.	  The	  density	  cores	  were	  obtained	  at	  random	  locations	  on	  the	  compacted	  layer.	  The	  bulk	  specific	  gravity	  was	  obtained	  per	  AASHTO	  (submerged	  weight	  	  method)	  and	  the	  maximum	  theoretical	  specific	  gravity	  was	  obtained	  per	  AASHTO	  (pycnometer	  method).	  A	  running	  average	  of	  Gmm	  was	  maintained	  in	  order	  to	  obtain	  the	  percent	  compacted	  calculations	  of	  the	  density	  cores.	  Below	  on	  Picture	  4.2,	  is	  one	  of	  the	  cores	  that	  was	  utilized	  for	  the	  density	  tests	  for	  the	  polymerized	  IL-­‐19.0	  mm	  FG	  mix	  on	  I-­‐57.	  	  
	  Figure	  5.2	  –	  Core	  obtained	  from	  I-­‐57	  consisting	  of	  polymerized	  IL-­‐19.0	  mm	  FG	  mix	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The	  following	  tables	  will	  show	  the	  density	  results	  of	  the	  polymerized	  IL-­‐19.0	  mm	  FG	  mix	  on	  I-­‐57.	  There	  were	  2	  density	  testing	  lots;	  one	  with	  30	  sublots	  and	  one	  with	  22	  sublots.	  For	  density	  testing	  lots,	  a	  sublot	  is	  a	  density	  testing	  interval.	  Below	  are	  the	  results:	  	  Table	  5.13	  –	  Density	  Results	  for	  Lot	  1	  for	  polymerized	  IL-­‐19.0	  mm	  FG	  on	  I-­‐57	  Lot	  1	  Sublot	  #	   Offset	   Density	  (%)	   Sublot	  #	   Offset	   Density	  (%)	  1	   6.1	   95.1	   20	   3.2	   94.6	  2	   7	   93.5	   21	   1.2	   93.6	  3	   11	   93	   22	   2.4	   94	  4	   1.7	   94	   23	   6.4	   93.4	  5	   7.2	   93.8	   24	   10.6	   93.3	  6	   6	   93.6	   25	   9.1	   93	  7	   4.8	   94.1	   26	   10.1	   92.8	  8	   6.6	   94	   27	   5.6	   92.6	  9	   10.6	   93.2	   28	   6.9	   93.8	  10	   1.9	   93.9	   29	   11.7	   93.2	  11	   9.4	   94.6	   30	   2.9	   93.9	  12	   7.3	   94.3	   Average:	   93.86	  13	   7.5	   94.8	   Std	  Dev.:	   0.629	  14	   7.6	   94.9	   Qu:	   4.99	  15	   5.6	   94.2	   Ql:	   2.64	  16	   3.6	   93.9	   PWLu:	   100	  17	   9.1	   93.9	   PWLl:	   100	  18	   7.8	   94.4	   PWL:	   100	  19	   6.4	   94.4	   PF:	   103	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Table	  5.14	  –	  Density	  Results	  for	  Lot	  2	  of	  polymerized	  IL-­‐19.0	  mm	  FG	  on	  I-­‐57	  Lot	  2	  Sublot	  #	   Offset	   Density	  (%)	   Sublot	  #	   Offset	   Density	  (%)	  1	   9.8	   94.4	   16	   9.9	   93.8	  2	   10.4	   93.9	   17	   8.9	   93.3	  3	   10.7	   93.4	   18	   2.7	   93.4	  4	   9.2	   94.2	   19	   9.7	   93.7	  5	   1.2	   94.9	   20	   9.1	   93.7	  6	   9.5	   93.4	   21	   8.3	   94.1	  7	   5.9	   93.3	   22	   10.7	   93	  8	   5	   93.6	   Average:	   93.92	  9	   7.1	   94.7	   Std	  Dev.:	   0.785	  10	   1.1	   92.7	   Qu:	   3.92	  11	   6.1	   95.9	   Ql:	   2.19	  12	   10.1	   95	   PWLu:	   100	  13	   7.2	   93.9	   PWLl:	   100	  14	   1.7	   93	   PWL:	   100	  15	   8.4	   94.9	   PF:	   103	  The	  average	  compaction	  percentage	  for	  lot	  1	  was	  93.9%	  with	  a	  standard	  deviation	  of	  0.629	  for	  a	  pay	  factor	  of	  103.	  The	  average	  value	  for	  lot	  2	  was	  93.9%	  with	  a	  standard	  deviation	  of	  0.785	  for	  a	  pay	  factor	  of	  103.	  This	  yielded	  an	  average	  pay	  factor	  of	  103.	  A	  pay	  factor	  of	  103	  will	  be	  utilized	  for	  the	  calculation	  of	  the	  composite	  pay	  factor.	  	  The	  next	  volumetric	  characteristic	  that	  was	  considered	  for	  this	  mix	  was	  voids	  in	  the	  mineral	  aggregate	  (VMA)	  There	  was	  one	  mix	  lot	  with	  10	  sublots.	  For	  this	  purpose,	  a	  sublot	  consists	  of	  1000	  tons	  of	  mix.	  Below	  are	  the	  results	  for	  VMA	  per	  PFP	  criteria:	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Table	  5.15	  –	  VMA	  results	  for	  Lot	  1	  for	  polymerized	  IL-­‐19.0	  mm	  FG	  in	  I-­‐57	  Sublot	  #	   VMA	  (%)	   Sublot	  #	   VMA	  (%)	  1	   13.2	   10	   13.9	  2	   13.3	   Average:	   13.67	  3	   14.3	   Std	  Dev.:	   0.302	  4	   13.7	   Qu:	   9.37	  5	   13.7	   Ql:	   2.88	  6	   13.7	   PWLu:	   100	  7	   13.7	   PWLl:	   100	  8	   13.6	   PWL:	   100	  9	   13.6	   PF:	   103	  	  This	  lot	  had	  a	  VMA	  content	  average	  of	  13.7%	  with	  a	  standard	  deviation	  of	  0.302	  for	  a	  pay	  factor	  of	  103.	  Since	  there	  was	  only	  one	  lot,	  the	  pay	  factor	  that	  will	  be	  considered	  for	  this	  mix	  will	  be	  103.	  	  The	  air	  voids	  content	  was	  another	  characteristic	  that	  was	  evaluated	  in	  this	  mix	  per	  IDOT	  PFP	  criteria.	  There	  was	  1	  mix	  lot	  that	  was	  evaluated	  in	  this	  mix	  with	  10	  sublots.	  A	  sublot	  is	  1000	  tons	  of	  mix	  for	  air	  voids	  purposed.	  Below	  are	  the	  results	  for	  this	  mix:	  Table	  5.16	  –	  VMA	  values	  for	  Mix	  lot	  1	  for	  polymerized	  IL-­‐19.0	  mm	  FG	  on	  I-­‐57	  
Sublot	  #	   Air	  Voids	  (%)	   Sublot	  #	   Air	  Voids	  (%)	  1	   3.4	   10	   4.3	  2	   4.3	   Average:	   4.21	  3	   4.8	   Std	  Dev.:	   0.348	  4	   4	   Qu:	   3.28	  5	   4.3	   Ql:	   4.48	  6	   4.2	   PWLu:	   100	  7	   4.2	   PWLl:	   100	  8	   4.3	   PWL:	   100	  9	   4.3	   PF:	   103	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The	  average	  air	  voids	  content	  for	  this	  mix	  was	  4.2%	  with	  a	  standard	  deviation	  of	  0.348	  for	  a	  pay	  factor	  of	  103.	  Since	  there	  was	  only	  one	  mix	  lot	  in	  this	  mix,	  the	  pay	  factor	  that	  will	  be	  considered	  for	  the	  calculation	  of	  the	  composite	  pay	  factor	  will	  be	  103.	  	  The	  bid	  cost	  per	  ton	  for	  this	  mix	  was	  $89.50/ton.	  A	  total	  of	  9,670	  tons	  of	  polymerized	  IL-­‐19.0	  mm	  were	  put	  in	  place	  in	  this	  project.	  The	  total	  bidding	  cost	  of	  this	  pay	  item	  was	  $865,465.	  The	  composite	  pay	  factor	  for	  air	  voids,	  density	  and	  VMA	  were	  103	  respectively.	  Below	  is	  the	  calculation	  of	  the	  composite	  pay	  factor	  for	  this	  mix:	  
Composite	  pay	  factor	  =	  0.3*103	  +	  0.3*103	  +	  0.4*103	  =	  103	  With	  a	  composite	  pay	  factor	  of	  103,	  the	  contractor	  obtained	  a	  bonus	  of	  3%	  for	  this	  mix.	  Below	  is	  the	  calculation	  of	  the	  bonus	  for	  this	  project	  for	  the	  contractor:	  
Bonus	  per	  PFP	  =	  0.03*$865,465	  =	  $25,963.95	  The	  contractor	  obtained	  a	  bonus	  of	  $25,963.95	  for	  polymerized	  IL-­‐19.0	  mm	  FG	  in	  this	  project.	  	  5.3	  	  Interstate	  39	  The	  FG	  HMA	  binder	  course	  also	  consisted	  of	  two	  layers,	  one	  with	  unmodified	  HMA	  IL-­‐19.0	  mm	  FG	  layer	  and	  a	  polymerized	  HMA	  IL-­‐19.0	  mm	  FG.	  	  The	  bulk	  specific	  gravity	  was	  obtained	  with	  AASHTO	  T	  166.	  The	  maximum	  theoretical	  specific	  gravity	  was	  obtained	  with	  AASHTO	  T	  209.	  Same	  procedure	  as	  in	  I-­‐57	  was	  utilized	  for	  the	  calculation	  of	  percent	  compacted.	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5.3.1	  Unmodified	  IL-­‐19.0	  mm	  FG	  in	  Interstate	  39	  There	  were	  three	  volumetric	  characteristics	  that	  were	  evaluated	  in	  the	  unmodified	  IL-­‐19.0	  mm	  mix;	  density,	  voids	  in	  the	  mineral	  aggregate	  and	  air	  voids.	  For	  the	  density	  measurements,	  there	  was	  one	  density	  lot	  with	  47	  sublots.	  For	  the	  density	  tests,	  a	  sublot	  is	  a	  density	  testing	  interval.	  Picture	  4.3	  shows	  a	  core	  that	  was	  utilized	  for	  the	  density	  tests	  for	  unmodified	  IL-­‐19.0	  mm.	  	  
	  Figure	  5.3	  –	  Core	  obtained	  on	  I-­‐39	  composed	  of	  unmodified	  IL-­‐19.0	  mm	  FG	  mix	  The	  density	  results	  for	  the	  unmodified	  IL	  19.0	  mm	  FG	  can	  be	  seen	  below	  in	  table	  5.17.	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  Table	  5.17	  –	  Density	  results	  for	  core	  lot	  1	  of	  unmodified	  IL-­‐19.0	  mm	  in	  I-­‐39	  	   	  Sublot	  #	   Offset	   Density	  (%)	   Sublot	  #	   Offset	   Density	  (%)	  1	   6.1	   95.3	   27	   2.7	   94.3	  2	   6.9	   94.7	   28	   3.8	   95	  3	   7.5	   94.7	   29	   7	   95.7	  4	   2.7	   94.3	   30	   10.5	   96.2	  5	   6.9	   95.3	   31	   7.6	   96.4	  6	   8.7	   95.2	   32	   7.2	   95.9	  7	   5	   94.5	   33	   6.6	   96	  8	   3.6	   94.7	   34	   5.4	   95.9	  9	   6.9	   94.6	   35	   7.4	   95.6	  10	   5.4	   94.9	   36	   3.6	   94.8	  11	   4.5	   94.9	   37	   2.3	   95.2	  12	   9.3	   93.9	   38	   2.6	   94.6	  13	   7.4	   95	   39	   8.9	   95.6	  14	   9.5	   94.7	   40	   5.2	   95	  15	   6.9	   94.2	   41	   6	   95	  16	   8.4	   93.5	   42	   6.6	   95	  17	   7.4	   94.5	   43	   9	   95.2	  18	   6.8	   93.7	   44	   8.9	   96	  19	   6.1	   95.2	   45	   1	   94.3	  20	   7.6	   95.2	   46	   2.7	   93.7	  21	   8.3	   93.9	   47	   6.1	   95.5	  22	   2.2	   94.3	   Average:	   94.87	  23	   2.8	   95	   Std	  Dev.:	   	   0.741	  24	   2.3	   94.4	   Qu:	   	   2.87	  25	   2	   94.8	   Ql:	   	   3.6	  26	   1	   92.8	   PWLu:	   	   100	  	   	   	   PWLl:	   	   100	  	   	   	   PWL:	   	   100	  	   	   	   PF:	   	   103	  	   The	  average	  compaction	  percentage	  was	  94.9%	  with	  a	  standard	  deviation	  of	  0.741	  for	  a	  pay	  factor	  of	  103.	  Since	  there	  is	  only	  one	  lot	  for	  this	  mix,	  the	  pay	  factor	  of	  103	  will	  be	  utilized	  for	  the	  calculation	  of	  the	  composite	  pay	  factor.	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The	  second	  volumetric	  characteristic	  that	  was	  evaluated	  was	  the	  voids	  in	  the	  mineral	  aggregate	  (VMA).	  There	  was	  one	  mix	  lot	  with	  10	  sublots.	  For	  VMA	  evaluation,	  a	  sublot	  equals	  1000	  tons	  of	  mix.	  Below	  are	  the	  VMA	  results	  for	  the	  unmodified	  IL-­‐19.0	  mm	  FG	  mix	  on	  I-­‐39:	  Table	  5.18	  –	  VMA	  results	  for	  mix	  lot	  1	  for	  the	  unmodified	  IL-­‐19.0	  mm	  mix	  on	  I-­‐39	  Sublot	   VMA	  (%)	   Sublot	   VMA	  (%)	  1	   14.3	   10	   14.7	  2	   13.8	   Average:	   14.31	  3	   14.1	   Std	  Dev.:	   0.307	  4	   14.6	   Qu:	   7.13	  5	   14.5	   Ql:	   4.92	  6	   13.9	   PWLu:	   100	  7	   14.2	   PWLl:	   100	  8	   14.6	   PWL:	   100	  9	   14.4	   PF:	   103	  	   The	  average	  VMA	  for	  this	  lot	  was	  14.3%	  with	  a	  standard	  deviation	  of	  0.307	  for	  a	  pay	  factor	  of	  103.	  Since	  there	  was	  only	  one	  mix	  lot,	  the	  pay	  factor	  that	  will	  be	  utilized	  for	  the	  calculation	  of	  the	  composite	  pay	  factor	  is	  103.	  	  Another	  volumetric	  characteristic	  that	  was	  evaluated	  was	  the	  air	  voids	  content	  for	  this	  mix.	  There	  was	  one	  mix	  lot	  with	  10	  sublots.	  For	  the	  purpose	  of	  air	  voids	  evaluation,	  a	  sublot	  is	  1000	  tons	  of	  mix.	  Below	  are	  the	  results	  for	  air	  voids	  content	  in	  the	  unmodified	  IL-­‐19.0	  mm	  FG	  mix:	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Table	  5.19	  –	  Air	  voids	  content	  in	  mix	  lot	  1	  of	  unmodified	  IL-­‐19.0	  FG	  on	  I-­‐39	  Sublot	   Voids	  (%)	   Sublot	   Voids	  (%)	  1	   4.2	   10	   4.8	  2	   4.1	   Average:	   4.51	  3	   4.6	   Std	  Dev.:	   0.264	  4	   4.6	   Qu:	   3.18	  5	   4.8	   Ql:	   7.05	  6	   4.2	   PWLu:	   100	  7	   4.5	   PWLl:	   100	  8	   4.8	   PWL:	   100	  9	   4.5	   PF:	   103	  	   The	  average	  air	  voids	  content	  was	  4.5%	  with	  a	  standard	  deviation	  of	  0.264	  for	  a	  pay	  factor	  of	  103.	  Since	  there	  was	  only	  one	  mix	  lot	  for	  this	  mixture,	  the	  pay	  factor	  that	  will	  be	  utilized	  for	  the	  calculation	  of	  the	  composite	  pay	  factor	  will	  be	  103.	  The	  bid	  cost	  for	  the	  unmodified	  IL-­‐19.0	  mm	  FG	  per	  ton	  is	  $85.10/ton.	  The	  amount	  of	  mix	  put	  into	  place	  in	  this	  project	  was	  7020	  tons.	  This	  equals	  a	  total	  preliminary	  cost	  of	  $597,402.	  The	  pay	  factor	  for	  all	  volumetric	  characteristics	  for	  this	  mix	  was	  103.	  Below	  is	  the	  calculation	  of	  the	  composite	  pay	  factor	  for	  this	  mix:	  
Composite	  Pay	  Factor	  =	  0.3*103	  +	  0.3*103	  +	  0.4*103	  =	  103	  The	  composite	  pay	  factor	  for	  this	  the	  unmodified	  IL-­‐19.0	  mm	  FG	  mix	  for	  the	  I-­‐39	  project	  was	  103.	  This	  signifies	  that	  the	  contractor	  in	  this	  project	  will	  obtain	  a	  3%	  bonus	  in	  this	  pay	  item.	  Below	  is	  the	  total	  bonus	  that	  the	  contractor	  will	  obtain:	  
Bonus	  per	  PFP	  =	  0.03*$597,402	  =	  $17,922.06	  The	  contractor	  obtained	  a	  bonus	  of	  $17,922.06	  per	  the	  IDOT	  Pay	  for	  Performance	  specification.	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5.3.2	  Polymerized	  IL-­‐19.0	  mm	  FG	  in	  Interstate	  39	  The	  polymerized	  IL	  19.0	  mm	  FG	  binder	  course	  in	  I-­‐39	  was	  also	  evaluated	  per	  IDOT	  PFP	  criteria.	  The	  volumetric	  properties	  of	  density,	  voids	  in	  the	  mineral	  aggregate	  (VMA)	  and	  air	  voids	  were	  evaluated.	  A	  core	  that	  was	  utilized	  for	  the	  density	  tests	  for	  this	  mix	  can	  be	  seen	  on	  Picture	  4.4.	  
	  Figure	  5.4	  –	  Core	  obtained	  on	  I-­‐39	  composed	  of	  polymerized	  IL-­‐19.0	  mm	  FG	  For	  density	  evaluation	  there	  was	  one	  core	  lot	  with	  27	  sublots.	  For	  density	  evaluation,	  one	  sublot	  is	  a	  density	  testing	  interval.	  The	  results	  for	  the	  core	  lot	  for	  the	  polymerized	  IL-­‐19.0	  mm	  FG	  can	  be	  seen	  below:	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Table	  5.20	  –	  Density	  Results	  for	  the	  core	  lot	  for	  the	  polymerized	  IL-­‐19.0	  FG	  mix	  in	  I-­‐39	  	  
Sublot	  #	   Offset	   Density	  (%)	   Sublot	  #	   Offset	   Density	  (%)	  1	   2.7	   95.8	   19	   7.2	   95.5	  2	   2.7	   94.7	   20	   7.0	   95.2	  3	   8.0	   94.1	   21	   9.0	   95.0	  4	   2.7	   95	   22	   4.1	   93.6	  5	   1.2	   93.2	   23	   3.5	   93.8	  6	   2.0	   94.8	   24	   7.3	   95.7	  7	   3.4	   94.5	   25	   3.3	   90.9	  8	   4.7	   93.8	   26	   8.0	   94.9	  9	   4.4	   93.8	   27	   11.7	   95.4	  10	   4.1	   93.9	   Average:	   94.44	  11	   7.8	   93.1	   Std	  Dev.:	   1.255	  12	   5.8	   93.4	   Qu:	   2.04	  13	   1.0	   92.4	   Ql:	   1.78	  14	   8.2	   93.8	   PWLu:	   99	  15	   5.3	   96.1	   PWLl:	   97	  16	   1.6	   94.9	   PWL:	   96	  17	   7.1	   96.1	   PF:	   101	  	  The	  average	  compaction	  percentage	  for	  this	  core	  lot	  was	  94.4%	  with	  a	  standard	  deviation	  of	  1.255	  for	  a	  pay	  factor	  of	  101.	  Since	  this	  was	  the	  only	  core	  lot,	  the	  pay	  factor	  that	  will	  be	  utilized	  for	  the	  computation	  of	  the	  composite	  pay	  factor	  will	  be	  101.	   The	  second	  volumetric	  characteristic	  that	  was	  evaluated	  was	  the	  voids	  in	  the	  mineral	  aggregate	  (VMA).	  There	  was	  only	  one	  mix	  lot	  for	  this	  mix	  with	  10	  sublots.	  For	  the	  VMA	  testing	  purposes,	  a	  sublot	  is	  500	  tons	  of	  mix.	  The	  amount	  of	  tons	  per	  mix	  was	  reduced	  for	  this	  mix	  because	  of	  the	  total	  tons	  that	  this	  project	  required	  for	  this	  mix.	  The	  amount	  of	  tons	  in	  the	  sublots	  were	  adjusted	  in	  order	  to	  achieve	  an	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amount	  of	  5000	  tons	  with	  10	  sublots.	  This	  equaled	  an	  amount	  of	  500	  tons	  per	  sublot	  for	  this	  mix.	  Below	  are	  the	  results	  for	  VMA	  for	  this	  mix:	  Table	  5.21	  –	  VMA	  results	  for	  Polymerized	  IL-­‐19.0	  mm	  FG	  in	  I-­‐39	  Sublot	   VMA	  (%)	   Sublot	   VMA	  (%)	  1	   13.8	   10	   14	  2	   14	   Average:	   13.87	  3	   13.4	   Std	  Dev.:	   0.469	  4	   14	   Qu:	   5.61	  5	   14.7	   Ql:	   2.28	  6	   12.9	   PWLu:	   100	  7	   13.8	   PWLl:	   100	  8	   14.1	   PWL:	   100	  9	   14	   PF:	   103	  	  The	  average	  VMA	  content	  for	  this	  mix	  was	  13.9%	  with	  a	  standard	  deviation	  of	  0.469	  for	  a	  pay	  factor	  of	  103.	  Since	  there	  was	  only	  one	  mix	  lot	  for	  this	  mix,	  the	  pay	  factor	  of	  103	  will	  be	  utilized	  for	  the	  calculation	  of	  the	  composite	  pay	  factor	  for	  this	  mix.	  The	  last	  volumetric	  characteristic	  that	  was	  evaluated	  for	  this	  mix	  was	  the	  air	  voids	  content.	  A	  mix	  lot	  with	  10	  sublots	  was	  evaluated	  in	  this	  project	  for	  air	  voids	  content.	  Each	  sublot	  contained	  500	  tons	  of	  mixture.	  Below	  are	  the	  results	  for	  air	  voids	  for	  this	  mix:	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Table	  5.22	  –	  Air	  Voids	  content	  in	  Polymerized	  IL-­‐19.0	  mm	  FG	  in	  I-­‐39	  Sublot	   Voids	   Sublot	   Voids	  1	   4.2	   10	   3.9	  2	   4.3	   Average:	   3.99	  3	   3.5	   Std	  Dev.:	   0.677	  4	   4.3	   Qu:	   2.01	  5	   5	   Ql:	   1.98	  6	   2.4	   PWLu:	   99	  7	   3.9	   PWLl:	   99	  8	   4.2	   PWL:	   98	  9	   4.2	   PF:	   102	  	  The	  average	  air	  voids	  content	  for	  this	  mix	  lot	  was	  4%	  with	  a	  standard	  deviation	  of	  0.677	  for	  a	  pay	  factor	  of	  102.	  Since	  there	  was	  only	  one	  mix	  lot	  evaluated,	  the	  pay	  factor	  that	  will	  be	  utilized	  for	  the	  calculation	  of	  the	  composite	  pay	  factor	  will	  be	  102.	  Below	  are	  the	  pay	  factors	  for	  the	  polymerized	  IL-­‐19.0	  FG	  mix	  in	  Interstate	  39:	  Table	  5.23	  –	  PFP	  Pay	  Factors	  for	  the	  polymerized	  IL-­‐19.0	  mm	  FG	  mix	  in	  I-­‐39	  
	  The	  composite	  pay	  factor	  for	  this	  project	  was	  calculated	  as	  follows:	  
Composite	  Pay	  Factor	  =	  0.3*103	  +	  0.3*101	  +	  0.4*101	  =	  101.9	  The	  composite	  pay	  factor	  for	  this	  mix	  in	  this	  project	  is	  101.9.	  This	  signifies	  that	  the	  contractor	  will	  obtain	  a	  bonus	  of	  1.9%	  for	  this	  pay	  item.	  The	  unit	  bidding	  cost	  for	  the	  polymerized	  IL-­‐19.0	  mm	  FG	  mix	  for	  this	  project	  was	  $100.26/ton.	  The	  total	  amount	  of	  mix	  put	  in	  place	  in	  this	  project	  was	  5000	  tons.	  The	  preliminary	  cost	  of	  the	  polymerized	  IL-­‐19.0	  mm	  FG	  is	  $501,300.	  With	  a	  pay	  factor	  of	  101.9,	  the	  total	  bonus	  that	  the	  contractor	  will	  obtain	  is	  calculated	  below:	  
Density 101
VMA 103
Air	  Voids 102
Pay	  Factors
55
Bonus	  per	  PFP	  =	  0.019*$501,300	  =	  $9,524.70	  The	  contractor	  obtained	  a	  bonus	  of	  $9,524	  for	  this	  pay	  item	  per	  the	  IDOT	  Pay	  for	  Performance	  specifications.	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CHAPTER 6 
STATISTICAL ANALYSIS OF PFP QC/QA DATA 6.1	  	  Statistical	  analysis	  of	  PFP	  results	  The	  main	  variable	  between	  the	  fine-­‐graded	  HMA	  mixes	  that	  were	  studied	  in	  the	  case	  studies	  were	  the	  type	  of	  binder	  that	  was	  utilized.	  One	  HMA	  mix	  utilized	  unmodified	  binder	  and	  the	  other	  HMA	  mix	  utilized	  polymerized	  HMA	  binder.	  The	  nominal	  aggregate	  size	  for	  both	  fine	  graded	  HMA	  mixes	  was	  19.0	  mm.	  	  Given	  that	  the	  binder	  utilized	  was	  the	  only	  difference	  between	  HMA	  mixes,	  it	  is	  necessary	  to	  investigate	  if	  there	  are	  any	  significant	  differences	  between	  pay	  factors	  for	  both	  polymerized	  mixes	  and	  unmodified	  mixes.	  A	  t-­‐test	  was	  conducted	  on	  the	  pay	  factors	  of	  the	  mixes	  from	  the	  results	  of	  I-­‐39	  and	  I-­‐57.	  Unequal	  variances	  were	  assumed	  when	  the	  t-­‐test	  was	  conducted.	  The	  t-­‐test	  was	  conducted	  per	  each	  property	  and	  on	  the	  composite	  pay	  factors.	  	  6.2	  Pay	  factors	  for	  Density	  tests	  	   The	  pay	  factors	  that	  were	  calculated	  on	  the	  evaluation	  of	  the	  fine	  graded	  mixes	  on	  I-­‐57	  and	  1-­‐39	  can	  be	  seen	  on	  Table	  6.1.	  	  Table	  6.1	  –	  Pay	  Factors	  for	  Density	  tests	  on	  fine	  graded	  mixtures	  on	  I-­‐57	  and	  I-­‐39	  Density	  PFP	  Factors	  Unmodified	   Polymerized	  102	   103	  101	   103	  102.5	   101	  102.5	   	  100.5	   	  103	   	  103	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   With	  the	  data	  provided	  by	  table	  6.1,	  the	  t-­‐test	  was	  conducted	  in	  order	  to	  determine	  if	  there	  are	  any	  significant	  statistical	  differences	  between	  the	  pay	  factors	  that	  were	  derived	  from	  the	  QC/QA	  data	  of	  the	  fine	  graded	  mixes.	  The	  null	  hypothesis	  states	  that	  there	  is	  no	  differences	  between	  the	  means	  of	  the	  pay	  factors	  of	  unmodified	  and	  polymerized	  FG	  HMA	  for	  density.	  Table	  6.2	  provides	  a	  summary	  of	  the	  t-­‐test	  for	  the	  density	  pay	  factors.	  	  Table	  6.2	  –	  Statistical	  Analysis	  for	  Pay	  Factors	  -­‐	  Density	  Statistical	  Analysis	  for	  pay	  factors	  -­‐	  Density	  
	  	   Unmodified	   Polymerized	  Mean	  of	  PFP	  factor	   102.07	   102.33	  Variance	   0.952	   1.333	  Observations	   7	   3	  Hypothesized	  Mean	  Difference	   0	   	  	  df	   3	   	  	  t	  Stat	   -­‐0.344	   	  	  P(T<=t)	  one-­‐tail	   0.376	   	  	  t	  Critical	  one-­‐tail	   2.354	   	  	  P(T<=t)	  two-­‐tail	   0.754	   	  	  t	  Critical	  two-­‐tail	   3.182	   	  	  	  	   The	  t-­‐test	  provided	  a	  t	  value	  of	  -­‐0.344,which	  is	  less	  than	  the	  t	  critical	  value	  of	  2.354.	  The	  P	  value	  for	  two-­‐tail	  is	  0.75,	  which	  is	  much	  larger	  than	  the	  alpha	  value	  of	  0.05.	  Given	  that	  the	  t	  value	  is	  less	  than	  the	  t	  critical	  and	  the	  P	  value	  is	  larger	  than	  0.05,	  this	  signifies	  that	  the	  null	  hypothesis	  is	  accepted.	  	  Thus,	  there	  is	  no	  significant	  statistical	  difference	  between	  the	  pay	  factors	  derived	  from	  density	  tests	  between	  the	  polymerized	  FG	  HMA	  mix	  and	  the	  unmodified	  FG	  HMA	  mix.	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6.3	  Pay	  Factors	  for	  VMA	  	   The	  pay	  factors	  that	  were	  calculated	  for	  the	  voids	  in	  the	  mineral	  aggregate	  can	  be	  seen	  on	  Table	  6.3.	  The	  values	  were	  obtained	  from	  the	  QC/QA	  data	  of	  the	  projects	  on	  I-­‐57	  and	  I-­‐39.	  Table	  6.3	  –	  Pay	  Factors	  for	  VMA	  from	  fine	  graded	  mixes	  on	  I-­‐57	  and	  I-­‐39	  VMA	  Pay	  Factors	  Unmodified	   Polymerized	  103	   103	  103	   103	  103	   	  103	   	  	  	   As	  it	  is	  noted	  on	  Table	  6.3,	  all	  PFP	  factors	  for	  the	  VMA	  in	  the	  fine	  graded	  mixes	  that	  were	  evaluated	  in	  this	  thesis	  were	  103.	  There	  is	  no	  variability	  within	  the	  results	  therefore	  there	  no	  t-­‐test	  needed	  for	  the	  pay	  factors	  obtained	  from	  the	  VMA	  values.	  There	  is	  no	  difference	  between	  the	  means	  of	  the	  pay	  factors	  of	  the	  unmodified	  FG	  HMA	  and	  the	  polymerized	  FG	  HMA.	  	  6.4	   Pay	  factors	  for	  Air	  Voids	  	  	   The	  pay	  factors	  obtained	  from	  QC/QA	  data	  when	  it	  comes	  to	  air	  voids	  can	  be	  found	  on	  Table	  6.4.	  The	  values	  correspond	  the	  fine	  graded	  mixes	  that	  were	  put	  in	  place	  on	  I-­‐57	  and	  I-­‐39.	  Table	  6.4	  –	  Pay	  factors	  for	  Air	  Voids	  from	  the	  fine	  graded	  mixes	  on	  I-­‐57	  and	  I-­‐39	  VMA	  Pay	  Factors	  Unmodified	   Polymerized	  99	   103	  103	   103	  103	   	  103	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   A	  t-­‐test	  was	  conducted	  with	  the	  data	  provided	  on	  table	  6.4.	  Unequal	  variances	  was	  assumed	  and	  the	  alpha	  value	  was	  assumed	  to	  be	  0.05.	  The	  null	  hypothesis	  states	  that	  there	  is	  no	  difference	  between	  the	  means	  of	  the	  pay	  factors	  of	  unmodified	  FG	  HMA	  and	  polymerized	  FG	  HMA.	  Table	  6.5	  shows	  the	  results	  of	  the	  t-­‐test	  of	  the	  pay	  factors	  from	  the	  VMA	  QC/QA	  evaluation.	  	  Table	  6.5	  –	  Statistical	  Analysis	  of	  PFP	  factors	  -­‐	  VMA	  Statistical	  Analysis	  for	  Pay	  Factors	  -­‐	  VMA	  
	  	   Unmodified	   Polymerized	  Mean	  of	  PFP	  Factor	   102	   103	  Variance	   4	   0	  Observations	   4	   2	  Hypothesized	  Mean	  Difference	   0	   	  	  df	   3	   	  	  t	  Stat	   -­‐1	   	  	  P(T<=t)	  one-­‐tail	   0.196	   	  	  t	  Critical	  one-­‐tail	   2.354	   	  	  P(T<=t)	  two-­‐tail	   0.391	   	  	  t	  Critical	  two-­‐tail	   3.182	   	  	  	  	   The	  t	  value	  obtained	  on	  the	  t-­‐test	  was	  -­‐1,	  which	  is	  less	  than	  the	  critical	  t-­‐value	  of	  2.35.	  The	  P	  value	  for	  two-­‐tail	  is	  0.39,	  which	  is	  more	  than	  the	  alpha	  value	  of	  0.05.	  Given	  that	  the	  t	  value	  is	  less	  than	  the	  critical	  t	  value	  and	  that	  the	  P	  value	  is	  larger	  than	  the	  alpha	  value,	  the	  null	  hypothesis	  cannot	  be	  rejected.	  	  Thus,	  there	  is	  no	  significant	  difference	  between	  the	  means	  of	  the	  pay	  factors	  of	  unmodified	  FG	  HMA	  and	  polymerized	  FG	  HMA.	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6.5	  Composite	  Pay	  Factors	  	  	   The	  composite	  pay	  factors	  that	  were	  obtained	  on	  the	  projects	  on	  I-­‐57	  and	  I-­‐39	  can	  be	  seen	  on	  Table	  6.6.	  These	  factors	  were	  obtained	  with	  the	  procedure	  outlined	  in	  chapters	  4	  and	  5	  of	  this	  thesis.	  These	  factors	  were	  the	  factors	  that	  were	  used	  in	  order	  to	  calculate	  the	  bonus	  or	  penalty	  that	  the	  contractor	  obtained	  after	  the	  QC/QA	  data	  was	  finalized	  and	  approved.	  	  Table	  6.6	  –	  Composite	  pay	  factors	  for	  FG	  HMA	  on	  I-­‐57	  and	  I-­‐39	  Composite	  Pay	  Factors	  Unmodified	   Polymerized	  102.2	   103	  103	   101.9	  	  	   A	  t-­‐test	  was	  conducted	  with	  the	  data	  provided	  on	  table	  6.6.	  Unequal	  variances	  was	  assumed	  for	  this	  test	  and	  an	  alpha	  value	  of	  0.05	  was	  assumed.	  The	  null	  hypothesis	  for	  this	  test	  states	  that	  there	  is	  no	  difference	  between	  the	  means	  of	  the	  pay	  factors	  of	  the	  unmodified	  FG	  HMA	  mix	  and	  the	  polymerized	  FG	  HMA	  mix.	  	  Table	  6.7	  –	  Statistical	  Analysis	  of	  composite	  PFP	  factors	  for	  mixes	  on	  I-­‐57	  and	  I-­‐39	  Statistical	  Analysis	  for	  Pay	  Factors	  -­‐	  composite	  Pay	  Factors	  	  
	  	   Unmodified	   Polymerized	  Mean	  of	  PFP	  Factor	   102.60	   102.45	  Variance	   0.32	   0.605	  Observations	   2	   2	  Hypothesized	  Mean	  Difference	   0	   	  	  df	   2	   	  	  t	  Stat	   0.220	   	  	  P(T<=t)	  one-­‐tail	   0.422	   	  	  t	  Critical	  one-­‐tail	   2.920	   	  	  P(T<=t)	  two-­‐tail	   0.846	   	  	  t	  Critical	  two-­‐tail	   4.302	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   The	  t-­‐test	  yielded	  a	  t	  value	  of	  0.220,	  which	  is	  less	  than	  the	  critical	  two-­‐tail	  t	  value	  of	  0.846	  (Table	  6.7).	  The	  P	  value	  for	  two-­‐tail	  is	  0.846,	  which	  is	  more	  than	  the	  alpha	  value	  of	  0.05.	  With	  these	  results,	  the	  null	  hypothesis	  cannot	  be	  rejected.	  	  Thus,	  there	  is	  no	  significant	  difference	  between	  the	  means	  of	  the	  pay	  factors	  of	  the	  unmodified	  FG	  HMA	  and	  the	  polymerized	  FG	  HMA.	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CHAPTER 7 
CONCLUSION 
7.1 Summary of findings 
Fine graded (FG) Hot-Mix asphalt has been researched over the past decade as an 
alternative to coarse graded Hot-mix asphalt given the potential that FG HMA has shown 
in test sections and in the laboratory. Several transportation agencies have already put 
HMA standards in place for the design of fine-graded binder courses, and in some cases, 
surface courses. A number of research projects conducted on FG HMA showed that FG 
HMA can perform as good as a coarse-graded mix. 
The data presented in this thesis showed that the current fine-graded HMA 
specification from the Illinois Department of Transportation, Bureau of Materials and 
Physical Research performs well when evaluated with the IDOT Pay-for-Performance 
criteria. The low variability and consistency that the FG HMA mix provided on the 
projects on I-39 and I-57 was reflected on the results of the PFP evaluation. Other IDOT 
projects have produced similar results to the case studies that were outlined in this thesis. 
IDOT BMPR is considering increasing the percent passing window for sieves No.4, No. 
8 and No. 16 for their IL 19.0 mm mix on their standard specifications. It is yet to be 
determined when the changes will be made to the standard HMA specification with a 
NMAS of 19.0 mm. 
7.2 Conclusions 
• Fine-graded HMA performed as good or equal to coarse-graded HMA in terms of 
laboratory performance tests. This includes high temperatures rutting, 
intermediate temperature fatigue, and low temperature fracture energy tests.  
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• Fine-graded HMA produced in the field had low standard deviations on air voids 
content, VMA and density. This finding suggests that fine-graded asphalt is 
consistent in its volumetric characteristics and that is less susceptible to 
segregation.  
• The average pay factors per the IDOT Pay for Performance QC/QA data for IL-
19.0 mm FG on both projects between the years of 2012 to 2013 was 102.5%. 
Given that the maximum pay factor that could be obtained is 103%, the fine 
graded HMA mix displayed excellent constructability (on target and consistent 
achievement of key quality characteristics).  
7.3 Room for future research 
The long-term pavement performance of the pavements that were paved with FG 
HMA mixes should be monitored before any permanent changes are made to the standard 
specifications. Transportation agencies should monitor the performance of pavements 
using FG HMA mixes relative to coarse graded HMA pavement control sections.  
It has been stated by IDOT BMPR that the fine graded surface mix IL 9.5 mm FG 
HMA should not be used for roads that have a design speed of over 45 MPH due to a lack 
of friction data supporting satisfactory performance in this situation. Demonstration 
projects, possibility in the form of accelerated pavement testing, and accompanying  
friction data should be obtained and evaluated to determine the feasibility and potential 
application of FG surface courses in Illinois.  
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